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А. I. Е.Е. Annual Convention 


Arrangements for the 32nd Annual 
Convention of the American Institute 
of Electrical Engineers at Deer Park, 
Md., June 29 to July 2, are practically 
completed. The Convention Commit- 
tee and its various sub-committees have 
been busy during the last two months in 
preparation for this meeting with the 
result that a very interesting program 
is Offered in which the technical and 
entertainment features are nicely bal- 
I anced. The technical program which 
‘follows has been revised and is now 
2 complete. The Convention Committee 
^ has arranged for the usual entertain- 
- ment features, and special entertain- 
Q ment for the ladies in attendance will 

be announced at the time of the con- 


> vention. 
3 | РКОСВАМ 

ТА Reprints of all papers will be avail- 
_, able without charge at registration 
'; headquarters. 


E Tuesday, June 29 
_ 10.00 A. м. to 12.30 P. м. 
^ President's Address, by P. M. Lincoln. 


_\The Electric Strength of Air—VI, by 
` J. В. Whitehead. 
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The Reluctance of Some Irregular Mag- 

netic Fields, by John F. H. Douglas. 
Irregular Wave Forms, presented by 

Frederick Bedell. | 

Part I. Form Factor and Its Signtf- 
ісапсе, by Frederick Bedell, 
assisted by R. Bown and 
H. A. Pidgeon. 
Distortion Factors, by Fred- 
erick Bedell, assisted by R. 
Bown and C. L. Swisher. 
An Analytical and Graphi- 
cal Solution for Non-Sinu- 
so1dal Alternating Currents, 
by F. М. Mizushi. 


12.30 to 2.30 P. M. 


Sections Committee Luncheon. 


2.30 to 3.45 P. M. 


Part II. 


Part III. 


Foundations for Transmission Laine 
Towers and Tower | Erection—A 
Symposium. 


Part I—J. A. Walls 

Part II— J. B. Leeper 
Part III—W. E. Mitchell 
Part IV—P. M. Downing 
Part V—F. C. Connery 


3:45 to 5:00 P. M. 


Fields of Motor Application (Topical 
Discussion) by D. B. Rushmore. 
Electricity in Grain Elevators, by H. E. 
Stafford. 
9:00 P. M. 
Reception. 


Wednesday, June 30 
10:00 a. M. to 12:30 P. M. 

Classification of Alternating- Current Mo- 

tors, by Val A. Fynn. 
The Classification of Electromagnetic 

Machinery, by Frederick Creedy. 
Short Circuits on Alternators, by Com- 

fort A. Adams. 


12:30 to 2:30 P. M. 
Sections Committee Luncheon. 


8:15 P. M. 
The Effective Illumination of Streets, 
by Preston S. Millar. 
Systems of Street Illumination, by Charles 
P. Steinmetz. 


үк а, 
A 4 «Ух, 
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Thursday, July 1 


10:00 a. M. to 12:30 P. M. 

Construction and Matntenance Costs of 
Overhead Contact Systems. Part I, 
by E. J. Amberg; Part П, by Ferdi- 
nand Zogbaum. 

Contact System of the Butte, Anaconda 
and Pacific Railway, by J. B. Cox. 
Third- Rad]. and Trolley System of the 
West Jersey and Seashore Railroad, 

by J. V. B. Duer. 

Unprotected Top- Contact. Rail for 600- 
Volt Traction System, by Charles H. 
Jones. 

Contact Conductors and Collectors for. 
Electric Ratlways, by C. J. Hixson. 

Contact System of the Southern Pactfic 
Company— Portland Division, by 
Paul Lebenbaum. 


12:30 to 2:30 P. M. 
Board of Directors Luncheon 


8:15 P. M. 
Conference of Section Delegates and 

Institute officers. 

(All members welcome.) 
Friday, July 2 
10:00 a. M. to 12:30 P. M. 

Phase Angle of Current Transformers, 
by Chester L. Dawes. 

Calibration of Current Transformers by 
Means of Mutual Inductances, by 
Charles L. Fortescue. 

The Induction Watt-hour Meter, by V. L. 
Hollister. 

The Measurement of Dielectric Losses 
with the Cathode Ray Tube, by John 
P. Minton. 


12:30 to 2:30 P. M. 
Sections Committee Luncheon. 
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2:30 to 5:00 P. M. 


Economic Operation of Electric Ovens, 
by Percy W. Gumaer. 

Class Rates for Electric Light and Power 
Systems or Territories, by Frank G. 
Baum. 


The official headquarters of the Insti- 
tute during the convention will be 
the Deer Park Hotel. The hotel is 
capable of accommodating 300 people 
comfortably, and any reasonable num- 
ber in excess can be accommodated in 
some of the big cottages grouped about 
the hotel. In addition to this, Moun- 
tain Lake Park and Oakland are near 
enough to be utilized as overflow 
quarters if necessary. The hotel con- 
tains 36 rooms with private baths, two 
to four public baths on each floor, and 
the swimming pools are available to 
everybody at all times. The rates are 
on the American plan as follows: 


Per day 
per person 


Single rooms without baths ..............$4.00 
Double rooms “ “ 21птоош..... 3.00 
“ “ е “ 211 гоот..... 4.00 
“ » “ “ Зїптоот.,... 4.00 
e x d " 4inroom..... 4.00 
" “ with “ 21inroom..... 5.00 
Б: “ “ “ Qinroom..... 5.00 
" “ “ “ 4inroom..... 5.00 


Room reservations should be made 
promptly by letter or wire to Mr. J. H. 
Murphy, Manager, Deer Park Hotel, 
1012 N. W. Superior Avenue, Cleve- 
land, Ohio, for convention dates or 
longer periods. Deer Park is an ideal 
place at which to stay over July 4th. 


The Baltimore and Ohio Railroad furnishes the following schedule of train service from all import- 


ant centers to Deer Park, now effective. 


FROM EASTERN CITIES. 


55 1 11 3 
Lv. New York 23d St....... 11.50 p. m 9.50 a.m 3.50 p.m. 6.50 p.m. 
Lv. New York Liberty St... 1.30 a.m 10.00 a.m 4.00 p.m. 7.00 p.m. 
Lv. Philadelphia........... 4.15 a.m 12.30 p.m 6.12 p.m. 9.21 p.m. 
Lv. Baltimore, Mt. Royal... 7.50 a.m 2.43 p.m 8.09 p.m. 11.25 p.m. 
Lv. Baltimore, Camden..... 8.00 a.m 3.00 p.m 8.00 p.m. 11.38 p.m. 
Lv. Washington............ 9.10 a.m 4.05 p.m 9.10 p.m. 12.48 a.m. 
Lv. Cumberland........... 1.35 p.m 8.20 p.m 1.05 a.m. 5.03 a.m. 
Ar. Deer Park Hotel, Md... 3.16 p.m 10.04 p.m 2.90 a.m. 6.46 a.m. 
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FROM WESTERN CITIES. 
2 4 12 
Lv. St. Louis CT.... 9.00 a.m 1.00 a.m 10.30 p.m. 
Lv. Louisville 2.00 p.m , 8.10 a.m 2.30 a.m. 
Lv. Cincinnati .... 6.35 p.m 12.45 р.т 8.10 a.m. 
Lv. Chillicothe “ .... 9.30 p.m 3.43 p.m 11.08 a.m. 
Lv. Parkersburg ET.... 1.15 a.m 7.25 p.m 3.05 p.m. 
Lv. Grafton “.... 4.45 a.m 11.00 p.m 6.32 p.m. 
Ar. Deer Park Hotel, Md... 6.47 a.m 1.09 a.m 8.38 p.m. 
6 8 10 16 
Lv. Chicago... ао ьа 5.45 p.m 10.45 a.m. 8.00 a.m. 9.30 p.m. 
Lv. Sandusky.............. 2.30 p.m. — 
Lv. Cleveland............. 6.00 p.m. 3.35 p.m. 
Lv. Akron................. 2.50 a.m 7.20 p.m. 4.55 p.m. 7.25 a.m 
Lv. Pittsburgh............. 8.15 a.m 12.12 a.m. 10.35 p.m. 1.15 p.m 
Аг. Cumberland............ 12.40 p.m 4.35 a.m. 2.55 a.m. 6.00 p.m 
Lv. Cumberland........... 1.35 p.m. 5.03 a.m. 5.03 a.m. 8.20 p.m 
Ar. Deer Park Hotel, Md... 3.16 p.m. 6.46 a.m. 6.46 a.m. 10.04 p.m 
2 
Lv. Columbus............. 7.30 p.m 
Lv. Wheeling.............. 12.45 a.m 
Ar. Deer Park Hotel, Md... 6.47 a.m. 


Trains 55, 1 and 3 have through Pullman cars from New York, Philadelphia, Baltimore and Wash- 
ington to Deer Park Hotel. 

Train No. 11 has through Pullman car from Baltimore to Deer Park Hotel, but connects at Wash- 
ington with the “ Royal Limited ” from New York and Philadelphia. 

Trains Nos. 2 and 12 have through sleeping cars from St. Louis and Cincinnati to Deer Park Hotel, 


and Train No. 2 has through sleeping car from Louisville to Deer Park Hotel. 


sleeping cars from Cincinnati to Deer Park Hotel. 
Trains Nos. 8, 6, 10 and 16, from Chicago and Pittsburgh, make connections at Cumberland with 
trains to Deer Park Hotel as per schedule, change of cars at Cumberland being necessary. 
Train No. 2 has through sleeping car from Columbus and Wheeling to Deer Park Hotel. 


RAILROAD FARES 


Train No. 4 has through 


PULLMAN FARES 


One-Way Round-trip Lower Berth Drawing-Room 
— ————_— —— —— —— ——— ——_- — ——-————_—-:«———-———-—-.—_——_———— —-—-———— 
New York... ooh Run $11.09 $17.00 $2.50 $9.00 
Philadelphia............... 8.84 13.00 2.25 8.00 
Baltimore................. 6.44 9.00 1.50 6.00 
Washington............... 6.01 8.00 1.50 6.00 
Pittsburgh................ *5.43 7.95 2.00 7.00 
Pittsburgh................. 15.70 š 
Cincinnáti................. 9.83 12.75 2.00 7.00 
Sts Louise ТИРЕУ 19.90 27.15 4.00 14.00 
Сабо аро ран аа 14.69 22.80 3.50 13.00 
Buffalo................... 10.12 17.35 No through Pullman service 
Cleveland... .............. 7.29 11.70 « ü s к 
Detritus асан тықты қы 11.07 17.55 Ы ы = s 
*—Via Cumberland. 
t—Via Connellsville or Wheeling. 
Note: From Atlanta, the Southern Railway round trip rate to Deer Park is $30.25. Southern 


Railway train No. 38 leaves Atlanta 12:05 p. m., arriving at Washington 7:45 a.m.; train No. 30 leaves 
Atlanta 2:25 p. m., arriving at Washington 10:40 a.m. See table above for connections from Wash- 
ington to Deer Park. 
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Panama-Pacific Convention 


The arrangements for the Panama 
Pacific Convention which is to be held 
on September 16th to ISth, the week 
previous to the International Engineer- 
ing Congress, are being actively de- 
veloped at the hands of the general 
Convention Committee and of the 
Meetings and Papers Committee of 
the Institute. The technical sessions 
will be held in the morning and after- 
noon of September 16th and 17th, and 
the number of papers already in sight 
will probably necessitate holding paral- 
lel sessions on both of these days. A 
number of papers has already been 
accepted for this meeting and it 15 
expected that a tentative program will 
be published in the July issue of the 
PROCEEDINGS. 


Transportation to Panama-Pa- 
cific Convention and Inter- 
mational Engineering Cone 
ress 


Members of the Institute in the 
eastern part of the country who expect 
to attend the Panama-Pacific Conven- 
tion of the Institute, September 16-18, 
and the International Engineering Con- 
gress, September 20-25, in San Fran- 
cisco, are reminded that if they desire 
to take advantage of the special trans- 
portation arrangements that have been 
made by the Congress authorities, 
prompt application should be made for 
reservations on the special train which 
wil be provided for the members of 
the Institute and the other societies 
interested. 

Complete information regarding this 
special train was given in the circular 
mailed to the entire membership of the 
Institute under date of March 22. The 
train will leave New York, Grand 
Central Terminal, at 7:45 p.m., Thurs- 
day, September 9, and will arrive in 
San Francisco on Wednesday evening, 
September 15. Applications for res- 
ervations should be made to Mr. G. 
S. Harner, Passenger Agent, New York 
Central Lines, 1216 Broadway, NewYork. 
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A special arrangement has also been 
made for reservations оп the Sunset 
Limited, over the Southern Pacific 
Lines, from New Orleans to San Fran- 
cisco, for the benefit of members who 
cannot join the party from New York. 
This train will leave New Orleans on 
Sunday, September 12 at 11:00 a.m., 
and will arrive in San Francisco on 
Wednesday, September 15, at 1:00 
p.m. Reservations for this trip may be 
made by addressing Mr. J. H. R. Par- 
sons, General Passenger Agent, South- 
ern Pacific Company, New Orleans, La. 
In asking for reservations the state- 
ment should be made that the request 
is in connection with the engineering 
party. 

Numerous tours and excursions to 
California are being arranged by various 
tourists agencies and by individuals, 
and circulars describing some of these 
tours and containing references to the 
engineering meetings to be held in San 
Francisco are being mailed to many 
Institute members, some of whom have 
erroneously assumed that at least one 
of these circulars emanated from, or 
was authorized by, the engineering 
societies interested. Members аге 
therefore rqeuested to note particularly 
that the only official transportation 
arrangements, from the East to San 
Francisco, for Institute members and 
for the members of the other societies 
participating in the International En- 
gineering Congress, are those referred 
to above and which are covered in 
detail in the circular of March 22 is- 
sued by the Transportation Committee 
of the Congress. 


Proposed Reserve Corps of 
Engineers 


Early in the present year there was 
an informal ‘conference held in New York 
at which the establishment of a volun- 
teer reserve corps of engineers for the 
United States Army, representing all 
branches of the engineering profession, 
was discussed. Тһе following five 
national engineering societies were rep- 
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resented: American Institute of Con- 
sulting Engineers, American Society of 
. Mechanical Engineers, American Insti- 
tute of Mining Engineers, American 
Society of Civil Engineers, American 
Institute of Electrical Engineers. 

The matter was considered at’ the 
meeting of the Board of Directors of the 
Institute held February 19 and resolu- 
tions were adopted at that time to the 
effect that the Board was in hearty 
sympathy with the proposed movement, 
and with a view to giving enthusiastic 
support and cooperation in any plan 
or method of procedure proposed by the 
War Department, the President was 
authorized to appoint a committee to 
represent the Institute in connection 
therewith. 

In accordance with this action, Presi- 
dent Lincoln has appointed the follow- 
ing committee: Messrs. Bion J. Arnold, 
Chairman, Chicago, Ill, John Haris- 
berger, Seattle, Wash., Ralph D. Mer- 
shon, New York, N. Y., A. M. Schoen, 
Atlanta, Ga., and Charles W. Stone, 
Schenectady, N. Y. 

The other national engineering so- 
cieties named above have also appointed 
committees to represent them. These 
various committees will, it 1$ under- 
stood, form a joint committee герге- 
senting the entire engineering profession, 
to cooperate with the War Department, 
which is now giving careful study to the 
matter with a view to formulating a 
comprehensive plan of a permanent 
nature, whereby the services of the 
members of the profession, who so 
desire, will be available, if needed. 


Annual Meeting of the Insti- 
tute, New York, May 18, 1915 


The Annual Meeting of the Institute 
(309th meeting) was held in the even- 
ing of May 1%, 1915, in the auditorium 
of the Engineering. Societies. Building, 
New York. 

President P. М. Lincoln called the 
meeting to order at 8:20 p.m., and asked 
Secretary Hutchinson to present the 
report of the Board of Directors for 
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the fiscal year ending April 30, 1915. 
Printed copies of the report, which 
appears in Section II of this issue, had 
been distributed at the meeting. 

President Lincoln then asked Mr. 
Hutchinson to read the report of the 
Committce of Tellers on Election of 
Officers. (This report is printed else- 
where in Section I). The president 
thereupon announced the election of 
the following officers, to assume office 
at the beginning of the administrative 
year, August 1, 1915: President, Mr. 
john J. Carty, New York; Vice-Presi- 
dents, Messrs. Comfort A. Adams, 
Cambridge, Mass., J. Franklin Stevens, 
Philadelphia, Pa., and William Mc- 
Clellan. New York; Managers, Messrs. 
Harold Pender, Philadelphia, Pa., C. E. 
Skinner, Pittsburgh, Pa., John B. Taylor, 
Schenectady, N. Y., and F. B. Jewett, 
New York; Treasurer, Mr. George A. 
Hamilton, Elizabeth, N. J. 

President Lincoln introduced the 
president-elect, Mr. John J. Carty, 
chief engineer of the American 
Telephone and Tclegraph Company. 
Mr. Carty spoke briefly, express- 
ing his gratitude for the honor 
conferred upon him by the Institute in 
electing him president, twenty-eighth 
in a line which included the guest of the 
evening, Dr. Bell. President-elect Carty 
also voiced his appreciation of the 
courtesy of President Lincoln in dele- 
gating to him, as a representative of 
telephone engineers, the privilege of 
presenting the Edison Medal to the 
inventor of the telephone. 

The annual business meeting of the 
Institute was followed by the ргевеп- 
tation of the Edison Medal to Dr. 
Alexander Graham Bell. 


Presentation of the Edison 
Medal to Dr. Alexander 
Graham Bell 


At the conclusion of the annual 
business meeting of the Institute in the 
auditorium of the Engineering Societies 
Building, New York, on May 18, 1915, 
occurred the ceremony of presentation 
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of the Edison Medal to Dr. Alexander 
Graham Bell, the inventor of the tele- 
phone. The presentation was wit- 
nessed by a large audience of members 
of the Institute, telephone engineers, 
and ladies. One of the enjoyable 
features of the occasion was the music 
by the Blue Bell Orchestra of the New 
York Telephone Society. 

President Lincoln, called upon Dr. 
Schuyler Skaats Wheeler, chairman 
of the Edison Medal Committee, to 
preside. Dr. Wheeler gave а brief 
account of the establishing of the Edison 
Medal, by associates of Mr. Thomas A. 
Edison, in commemoration of his in- 
vention of the incandescent electric 
light. The Edison Medal was designed 
by James Earle Frazer, and bears on its 
obverse a portrait of Mr. Edison and 
on its reverse an allegorical conception, 
“Тһе Genius of Electricity Crowned 
by Fame.” Since the first award in 
1909 to Elihu Thomson, Frank J. 
Sprague, George Westinghouse, William 
Stanley and Charles F. Brush have been 
thus honored, and Alexander Graham 
Bell is the sixth recipient of the Edison 
Medal. 

Dr. Wheeler then introduced the 
speaker of the evening, Mr. Thomas A. 
Watson, of East Braintree, Mass., who 
was the mechanical expert assisting 
Professor Bell in his experiments which 
led to the invention and practical work- 
ing outof the telephone, who constructed 
the telephone receiver through which he 
heard Professor Bell's voice on June 3, 
1875, and who was afterwards founder 
and president of the Fore River Ship 
Building Company. Mr. Watson was 
elected a Fellow of the A. I. E. E. by 
the Board of Directors on the day of the 
Annual Meeting. Mr. Watson's ex- 
ceedingly interesting address, which 
told the complete story of theinvention 
of the telephone, will be printed in full 
in a coming issue of the PROCEEDINGS. 

President-elect J. J. Carty, acting for 
the President, and pursuant to the 
decision of the Edison Medal Commit- 
tee of the Institute, then presented the 
Edison Medal to Past-President Alex- 


PROCEEDINGS OF A. I. E. E. 


[June 


ander Graham Bell, addressing him in 
these words: 

'" Of all the men who ever lived, it 
remained for you to found the art of 
transmitting speech clectrically. You 
revealed to mankind the method of 
electrically transmitting the tones of 
the human voice to distant places. You 
were the first to provide the apparatus 
to do this marvel. You were the first 
to speak through the electric speaking 
telephone, and your voice was the first 
to be heard in the telephone receiver. 
As long as men can speak, your name 
will be spoken with honor and with 
praise, and as long as men can hcar they 
will listen with admiration and with 
gratitude to the story of your immortal 
achievement.” 

Dr. Bell, in his words of acceptance, 
spoke in an inspiring tone of prophecy 
of the vast fields still unexplored in the 
physical universe, awaiting the in- 
ventive and constructive daring of 
the electrical engineers of the future. 


——— 


Organization Meeting of the 
Engineering Foundation 


The Engineering Foundation, the 
first public announcement of which was 
made at a meeting in the Enginecring 
Societies Building on January 27, 1915, 
reported in the February PROCEED- 
INGS, held its first. regular meeting on 
May 25. At this meeting Rules of 
Administration were adopted and the 
following officers were elected: chair- 
man, Gano Dunn; vice-chairman, Ed- 
ward D. Adams; secretary, F. R. Hut- 
ton; trcasurer, Joseph Struthers. 

This is a professional engineering 
trust organized along the lines of the 
Cleveland, Carnegie, Rockefeller and 
Sage Foundations, by the United En- 
gineering Society, representing jointly 
the national organizations of electrical, 
mining and mechanical engineers, with 
the co-operation of the national organi- 
zation of civil engineers, combining 
about 30,000 members. 

The Engineering Foundation was 
made possible through the generosity 
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of а distinguished engineer, Ambrose 
Swasey, of Cleveland, who made the 
initial gift of a quarter of a million 
dollars to be devoted to the benefit of 
mankind through fostering engineering 
research. The Board administering this 
trust consists of Mr. Edward D. Adams, 
banker; Mr. Gano Dunn, president of 
the J. G. White Engineering Corpora- 
tion; Mr. Howard Elliott, president 
New York, New Haven and Hartford 
Railroad; Dr. Alexander C. Hum- 
phreys, president of Stevens Institute 
of Technology; Dr. Charles Warren 
Hunt, secretary American Society of 
Civil Engineers; Dr. A. R. Ledoux, 
past-president American Institute of 
Mining Engineers; Dr. M. I. Pupin, 
professor of electromechanics, Columbia 
University; Mr. Charles E. Scribner, 
chief engineer Western Electric Com- 
pany; Mr. J. Waldo Smith, chief en- 
gineer, Board of Water Supply, Gas 
and Electricity, City of New York; 
Mr. Jesse M. Smith, past-president, 
American Society of Mechanical En- 
gineers, and Mr. Benjamin B. Thayer, 
president Anaconda Copper Company. 

The Board telegraphed Mr. Swasey 
greetings and appreciation of his gen- 
erosity and pledged itself to carrying 
out his cherished aims. 

Applications for the use of funds 
were received in large numbers and a 
committee was appointed to consider 
them, consisting of Dr. A. R. Ledoux, 
chairman; Mr. J. Waldo Smith, Dr. 
M. I. Pupin, and Dr. Alexander C. 
Humphreys. Most of the applications 
were in such form that they could not 
be considered and the committee is pre- 
paring a schedule of requirements with 
which applications will have to comply. 

The Engineering Foundation is the 
first of its kind devoted to engineering 
interests. 


Classification of Technical 
Literature 


Delegates from about twenty nation- 
al technical and scientific societies met 
in the Engineering Societies Building, 
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26 West 39th Street, New York City, 
on May 21, 1915, to perfect а регта- 
nent organization, the purpose being to 
prepare a classification of the literature 
of applied science which might be gen- 
erally accepted and adopted by these 
and other organizations. 


There was а generally expressed 
opinion that such a classification, if 
properly prepared, might well serve as 
a basis for the filing of clippings, for 
cards in a card index, and for printed 
indexes; and that the publishers of 
technical periodicals might be induced 
to print against each important article 
the symbol of the appropriate class in 
this system, so that by clipping these 


articles a file might be easily made 


which would combine in one system 
these clippings, together with trade 
catalogues, maps, drawings, blue prints, 
photographs, pamphlets and letters 
classified by the same system. 


By request, Mr. W. P. Cutter, the 
Librarian of the Engineering Societies’ 
Library, and a delegate from the Amer- 
ican Institute of Mining Engineers, 
read a paper on “ The Classification of 
Applied Science," in which, after de- 
scribing the existing classifications, of 
one of which he is the author, stated 
that, in his opinion, no one of these, 
although having excellent features, was 
complete and satisfactory enough to 
be worthy of general adoption. He 
outlined a plan whereby a central office 
could collate all the existing classifica- 
tions, and, with the help of specialists 
in the various national societies in- 
terested, might compile a general sys- 
tem, which, although perhaps not abso- 
lutely perfect, might meet with general 
acceptance and adoption. 


Permanent organization was cffected 
by the election of the following officers: 
chairman, Fred R. Low; secretary, 
W. P. Cutter; executive committee, 
the above, with Edgar Marburg, H. 
W. Peck and Samuel Sheldon. 

It was agreed that a special invita- 
tion to participate by the appointment 
of a delegate be sent to other national 
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societies which might be interested in 
the general plan. 

The following societies were repre- 
sented by delegates: Samuel Sheldon, 
Library Board, United Engineering 
Society and American Institute of 
_ Electrical Engineers; Richard Mol- 
denke, American Foundrymen's As- 
sociation; С. Clifford Kuh, Society for 
Electrical Development; Cullen W. 
Parmelee, American Ceramic Society; 
Sullivan W. Jones, J. A. F. Cardiff, 
American Institute of Architects; Geo. 
F. Weston, American Society of Agri- 
cultural Engincers; F. L. Pryor, Ameri- 
can Society of Refrigerating Engineers; 
H. W. Peck, American Gas Institute; 
Nicholas Hill, American Water Works 
Association; Edwin J. Prindle, L. P. 
Alford, L. P. Breckenridge, American 
Society of Mechanical Engineers; F. 
J. T. Stewart. National Fire Protection 
Association; J. J. Blackmore, American 
Society of Heating and Ventilating 
Engineers; C. F. Clarkson, Society of 
Automobile Engineers; F. L. Bishop, 
Society for the Promotion of Engincer- 
ing Education; George R. Olshausen, 
U. S. Bureau of Standards; E. C. Crit- 
tenden, American Physical Society; 
Alfred Rigling, Franklin Institute; W. 
P. Cutter, American Institute of Min- 
ing Engineers; Edgar Marburg, Ameri- 
can Society for Testing Materials; A. 
S. McAllister, National Electric Light 
Association, American Electrochemical 
Society and Illuminating Engineering 
Society; C. E. Lindsay, American Rail- 
way Engineering Association; G. W. 
Lee, Librarian. 

The Executive Committee was charged 
with the task of enlarging the mem- 
bership of the committee to include 
delegates from all similar national 
organizations, and the preparation of 
a plan for further action. 

The delegates present expressed most 
hearty and enthusiastic personal inter- 
est in апу system which might be 
worthy of general adoption; they could 
not, of course, at this carly date, 
promise anything more than moral sup- 
port of the idea, reserving for them- 
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selves and for their societies the right 
to examine thoroughly any system 
that might be evolved, before recom- 
mending its adoption. 

The name adopted for this organiza- 
tion is “ Joint Committee on Classifica- 
tion of Technical Literature,” and the 
address of the Secretary, Mr. W. P. 
Cutter. is 29 West 39th Street, New 
York City. 


Directors’ Meeting, New York, 
May 18, 1915 


The regular monthly meeting of the 
Board of Directors of the Institute was 
held in New York on Tuesday, May 18, 
at 3:00 p.m. 

There were present: President P. M. 
Lincoln, Pittsburgh, Pa.; Past-Presi- 
dent Ralph D. Mershon, New York; 
Vice-Presidents C. E. Scribner, New 
York, and Farley Osgood, Newark, 
N. J.; Managers C. A. Adams, Cam- 
bridge, Mass., J. Franklin Stevens, 
Philadelphia, Pa., В. А. Behrend, 
Boston, Mass., L. T. Robinson, Sche- 
nectady, N. Y.. William McClellan, 


Bancroft Gherardi апа A. S. McAllister, 


New York, John H. Finney, Wash- 
ington, D. C.; Treasurer George A. 
Hamilton, Elizabeth, N. J., and Sec- 
retary F. L. Hutchinson, New York. 

The action of the Finance Com- 
mittee іп approving monthly bills 
amounting to $9,345.59 was ratified. 

The annual reports of the Finance 
Committee, and of the Treasurer, for 
the year ending April 30, 1915, were 
presented and accepted. 

Upon the recommendation of the 
Board of Examiners, the Board of 
Directors elected one applicant as a 
Fellow, six as Members, and 46 as 
Associates, transferred one Associate 
to the grade of Member, and ordered 
the enrolment of 42 students, in accord- 
ance with the lists printed in this issue 
of the PROCEEDINGS. 

Upon the petition of 28 Institute 
members in Denver, Colo., and with 
the approval of the Sections Com- 
mittee, authority was granted for the 
organization of a Section in Denver. 
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The Annual Report of the Board of 
Directors for the fiscal year ending 
April 30, 1915, which had been pre- 
pared by the Secretary, containing a 
summary of the Institute's activities 
during the year, together with state- 
ments showing the condition of the In- 
stitute's finances, was approved for 
presentation to the membership at the 
Annual Meeting of the Institute in the 
evening. Copies of this report were 
distributed at the Annual Meeting, 
and the report is published in Section II 
of this issue of the PROCEEDINGS. 

The ahnual reports of committees 
for the same period, abstracts of which 
had been incorporated in the directors' 
annual report, were presented and 
accepted. 

A considerable amount of other busi- 
ness was transacted by the Board, 
reference to which will be found under 
appropriate headings in this and future 
issues of the PROCEEDINGS. 


Report of Committee of Tellers 
on Election of Officers 


To the President, 
American Institute of Electrical En- 
gineers. 


DEAR SiR:— This committee has care- 
fully canvassed the ballots cast for 
officers for the year 1915-1916. The 
result 16 as follows: 


Total number of ballot envelopes received... . 2368 
Rejected on account of bearing no iden- 

tifying name on outer envelope, ac- 

cording to Article VI, Section 33 of 

the Constitution................... 24 


Rejected on account of voter being in 
arrears for dues on May 1, 1015, as 
provided in the Constitution and By- 
VOWS РРО 38 


Rejected on account of ballot not being 
enclosed in inner envelope, or on ac- 
count of inner envelope bearing an 
identifying name, according to Article 
VI, Section 33 of the Constitution.... 37 


Rejected on account of having reached 
the Secretary's office after May 1, ac- 
cording to Article VI, Section 33 of the 
Constitution...................... 24 123 
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These 2245 valid ballots were counted 
and the result is shown as follows: 


For President 


John J. Carty.......................... 2244 
Scattering and blank.................... 1 

2245 

For Vice-Presidents 

Comfort А. Adams...................... 2178 
J. Franklin Stevens..................... 2104 
William McClellan...................... 1953 
*"Harns J. Ryan........................ 352 
Scattering and blank.................... 148 

6735 

For Managers 

Harold: Pender.......................... 2203 
Cau EQ о КЕБЕК РА КІН 2191 
John B. Tavlor......................... 2183 
F: B. Jewett uuu apauni u aa ana 1973 
Henry F16yx: uo al oe Se м 111 
NA ny INGA ak e eh SS тан pap. abies 87 
Scattering and МапК.................... 232 

8980 

For Treasurer 

George А. Hamilton..................... 2243 
Scattering and blank.................... 2 

2245 


Respectfully submitted, 
FREDERICK BORCH, chairmun. 
Cuas. A. ROHR. 
W.S. Ноут. 
К.С. DARROW. 
Committee of Tellers. 
May 7, 1915. 


*As announced in the April PROCEEDINGS and 
elsewhere, Professor Ryan was appointed in 
March, by the Board of Directors of the In- 
stitute, to the office of Honorary Vice-President, 
taking effect immediately. This office was 
created in order that the Institute might be re- 
presented on the Pacific Coast during the Pan- 
ama-Pacific Exposition by a special officer of 
high rank. 


Past Section Meetings 


Baltimore.— April 10, 1915, U. S. 
Naval Academy, Annapolis, Md. Visit 
to United States Experimental Station 
and Electrical Laboratories. Baseball 
game between Naval Cadets and Col- 
gate University. Attendance 18. 

Boston.—April 23, 1915, Chipman 
Hall, Tremont Temple. Illustrated 
address by Mr. Frank Hodgdon on 
'" Construction and Apparatus of the 
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Commonwealth Pier No. 5, with Special 
Reference to the Application of Elec- 
tricity." Joint meeting of the Civil, 
Mechanical and Electrical Engineers. 
under the auspices of Boston Section, 
A.I. E. E. Attendance 75. 

Chicago.— April 26, 1915, Monadnock 
Block. Address by Mr. W. L. R. 
Emmet on “ Electric Ship Propulsion." 
Joint meeting with Western Society 
of Engineers. Attendance 150. 

Cleveland.—A pril 19, 1915, Chamber 
of Commerce Building. Paper: ''Elec- 
tric Starting and Lighting Systems for 
Automobiles," by Alexander Church- 
ward. Attendance 47. 

Detroit-Ann Arbor.—April 23, 1915, 


Detroit Engineering Society Club 
Rooms. Paper:  ' Automatic Tele- 
phony," by S. Hirsch, illustrated by 


lantern slides. Attendance 45. 

May 14, 1915, Engineering Building, 
University of Michigan, Ann Arbor. 
Paper: ' Wireless Telegraphy," by H. 
S. Sheppard. Paper was illustrated by 
lantern slides, followed by demonstra- 
tions in the University of Michigan 
Wireless Experiment Station. Attend- 
ance 60. 

Fort Wayne.—April 22, 1915, Fort 
Wayne Electric Works. Address by 
Mr. О. C. Wright on “ Electric Welding 
as Applied in Railroad Repair Shops.” 
Attendance 24. 

Indianapolis-Lafayette.— April 20, 
1915, Indianapolis. Paper: “ Rural 
Electrical Development in Indiana," 
by A. R. Holliday. Attendance 48. 

Ithaca.—April 30, 1915, Franklin Hall, 
Cornell University. Paper: “ The 
Heating and Ventilation of Electrical 


Machinery," by Alexander Gray, il- 
lustrated with lantern slides. Attend- 
ance 45. 


Los Angeles.—April 20, 1915, Cham- 
ber of Commerce. Paper: “ Applica- 
tion of Electrical Devices to Grade 
Crossing Protection,” by J. A. Bell. 
Attendance 35. 


Panama.—April 25, 1915, Admin- 
istration Building, Balboa Heights, 
С. 2. Paper: “Тһе Construction 


and Some Operating Features of 
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the Trans-Isthmian Underground Tele- 
phone and Signal Duct Line," by W. H. 
Fenley. Also short address by Mr. 
W. A. Reece on “ The Benefits of the 
Pulmotor in Large Factories.” At- 
tendance 15. 

Philadelphia.—April 15, 1915, Frank- 
hn Institute. Paper: “ Control and 
Protection of Electric Systems,” by Dr. 
Charles P. Steinmetz. Joint meeting 


with Franklin Institute. Attendance 
300. 

Pittsburgh. March 9, 1915, Oliver 
Building. Papers: (1) “Тһе Manu- 


facture of New Types of Mazda Lamps,”’ 
by R. E. Myer; (2) “Тһе Use of Pro- 
jecting Lenses in Signal Work,” by H. 
S. Hower. Joint meeting with Pitts- 
burgh Section of Illuminating Engineer- 
ing Society. Attendance 140.. 

Pittsfield.—April 22, 1915, Lenox 
Hall. Paper: “ Educational and Ad- 
vertising Value of Motion Pictures,” 
by C. F. Bateholts. Attendance 430. 

April 29, 1915, Hotel Wendell. Ра- 
per: “ The Physical Chemistry of the 
Blood," by W. R. Whitney. Attend- 
ance 70. 

Portland.—May 4, 1915, Portland. 
Paper: '' Electricity in the Lumbering 
Industry,” by E. F. Whitney. Attend- 
ance 24. 

May 10,1915. Address by Dr. E. B. 
Rosa on “ The Bureau of Standards." 
Joint meeting of local sections of Ameri- 
can Society of Civil Engineers, Oregon 
Society of Engineers, National Electric 
Light Association, and A. I. E. E. 
Attendance 80. 

Rochester.— April 23, 1915. 
“ Metering,” by Scott Lynn. 
ance 36. 

Schenectady.— April 20, 1915, Edison 
Club Hall. Paper: '' Electricity Sup- 
ply in Large Cities," by Philip Torchio, 


Paper: 
Attend- 


illustrated by lantern slides. Attend- 
ance 167. 
May 4, 1915, Edison Club Hall. 


Paper: “ The Paper Industry,” by B. 
Denver Coppage, illustrated with mo- 
tion pictures. Attendance 175. 

May 17, 1915, Edison Club Hall. 
Illustrated address Бу Mr. E. В. Ray- 
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mond on *“ Manufacture of Plate 
Glass." Attendance 190. 


Seattle.—April 17, 1915, Tacoma, 
Wash. Trip of inspection to lumber 
mills of the St. Paul Tacoma Lumber 
Companv, and the new substation of 
the City of Tacoma. Attendance 22. 

Spokane.—April 16, 1915, Chamber 
of Commerce Building. Paper: “ The 
Electrolytic Theory of Corrosion of 
Iron,” by L. J. Pospisil. Attendance 
24. 

St. Louis.— May 12, 1915, Engincers 
Club. Paper: “ The Development of 
Motor Drive and the Use of Central 
Station Power in the Steel Industry,” 
by Brent Wiley. Attendance 47. 

Toledo.— May 5, 1915, Toledo Сот- 
merce Club. Address by Mr. G. E. 
Kirk on “ European Cities Before the 
War.” The speaker showed many 
views of European cities. Attendance 
15. 

Urbana.—April 30, 1915, Electrical 
Laboratory. Paper: “ Commercial 
Storage Batteries," by I. W. Fisk, 
illustrated with lantern slides. At- 
tendance 68. 

Washington.— April 13, 1915, Cosmos 
Club Hall. Address by Mr. H. A. 
Hornor on “ Mariners’ Debt to Elec- 
tricity.” Attendance 60. 

May 4, 1915, Bureau of Standards. 
Visit to U. S. Bureau of Standards; 
demonstration , of equipment. Joint 
meeting with Washington ,Society of 
Engineers. Attendance 300. 


Past Branch Meetings 

University of Arkansas.— May 11, 
1915, Engineering Hall. Papers: (1) 
“ Water Power Survey on White River 
near Beauer, Arkansas," by J. E. Bell; 
(2) “ Sparks " by D. C. Hopper. At- 
tendance 11. 

Armour Institute.— April 27, 1915, 
Great Northern Hotel. Papers: (1) 
“Qualifications for Central Station 
Work,” by Mr. Jenkins; (2) “А Few 
Facts Concerning the Operation of the 
Chicago Elevated Railroad,” by Mr. 
Jones. Attendance 23. 
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University of California.— April 14, 
1915, Berkeley, Cal. Paper: '' Block 
Signal Equipment for an Electric Rail- 
road," by W. R. Catching. Election of 
officers for the coming year as follows— 
chairman, J. V. Kimber; vice-chairman, 
O. R. Marston; treasurer, W. L. Win- 
ter; secretary, H. A. Mulvaney.' At- 
tendance 27. 

University of Cincinnati.—April 20, 
1915. Paper: “ Remote Control," by 
Mr. Warner. Attendance 22. 


Clemson Agricultural College.—April 
12, 1915, Mechanical Engineering Build- 
ing. Paper: “ Mechanical Stresses due 
to Currents in Single and Polyphase 
Lines," by S. R. Rhodes. Attendance 
24. 


University of Colorado.— April 22, 
1915, Engineering Building. [llustra- 
ted lecture by Mr. William Trudgian on 
“The Westinghouse Apprentice Course.” 
Attendance 30. 

April 29, 1915, Hale Science Building. 
Paper: ‘‘ High-Tension Transmission,” 
by Norman Read. Attendance 23. 

May 6, 1915, Engineering Building. 
Paper: “Тһе Control of Lock Ma- 
chinery at the Panama Canal,” by B. 
C. J. Wheatlake. Attendance 30. 


Colorado State Agricultural College. 
April 28, 1915. Papers: (1) “ Methods 
of Rail Bonding”; (2) “ Use of React- 
ance in Power Circuits ”; (3) “ Needle 
Point vs. Sphere Сар.” Attendance 
12. 


University of Idaho.— May 5, 1915, 
Administration Building. Illustrated 
address by Mr. Olsen on “Ой Switches”. 
Paper: “ The Fixation of Atmospheric 
Nitrogen," by L. L. Summers. At- 
tendance 25. 

University of Kentucky.—April 28, 
1915, Mechanical Hall. Paper: 
“ Street Lighting and Park Lighting," 
by W. M. Hannah. Attendance 38. 

Lehigh University.— April 16, 1915, 
Physics Lecture Room. Papers: (1) 
“ Motors as Applied to Industries,” 
by H. L. Vitzthum; (2) “Тһе Electro- 
magnet," by C. R. Underhill. Attend- 
ance 37. 
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Montana State College.—April 24, 
1915, Engineering Reading Room. 
Address by President J. M. Hamilton on 
“ The Opportunities of the Electrical 
Engineer.” Election of officers for the 
coming year ав follows— president, 
Taylor Lescher; secretarv, J. A. Thaler. 
Attendance 34. 


University of Nebraska.— May 13, 
1915, Electrical Building. Subject: 
Aeronautics. Addresses by Messrs. R. 
С. Greer and I. K. Frost. Election of 
officers for the coming year as follows— 
chairman, O. J. Ferguson; secretary, 
V. L. Hollister; student chairman, 
Е. W. Norris; student treasurer, 
R. W. McCullough; student secretary, 
J. Buchta. Attendance 27. 


North Carolina College of Agricul- 
tural and Mechanical Arts.—April 20, 
1915. Demonstration of laboratory- 
built Tesla transformer by Messrs. 
Jeffers and Cox. Attendance 25. 

April 27, 1915, West Raleigh. Elec- 
tion of officers for the coming year as 
follows—president, L. B. Jenkins; vice- 


president, R. L. Kelly; secretary- 
treasurer, E. A. Hester. Attendance 
29. 


Ohio State University.—April 23, 
1915, Robinson Laboratory. Papers: 
(1) “ Line Testing,” by R. B. Shanck; 
(2) “ Dielectric Strength of Porcelain,” 
by H. G. Siek. Attendance 19. 

University of Oklahoma.— April 21, 
1915, Engineering Building. Papers: 
(1) “ Status of the Engineer," by C. M. 
Mackey; (2) ‘‘ Jitney Bus Situation,” 
by Homer Livergood. | Attendance 18. 

Oregon Agricultural College.—April 
20, 1915, Corvallis, Ore. Addresses by 
Messrs. C. E. Condit and Frank O. 
Broili on “ The Transmission of Elec- 
trical Energy." Attendance 30. 


Pennsylvania State College.—April 
16, 1915, Electric Laboratory. Address 
by Dr. Sparks on “ The Troubles of а 
College President.” Short talks by 
Professors Walker, Kinsloe, Moyer and 
Marshman. Joint meeting of engineer- 
ing societies. Attendance 200. 

April 21, 1915, Engineering Depart- 
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ment, Room 200. Illustrated lecture 
on '" Control of Lock Machinery at the 
Panama Canal.” Attendance 30. 

Мау 12, 1915, Engineering Depart- 
ment, Room 200. Illustrated lecture 
by Prof. Govier оп “Тһе Development 
of the Transcontinental Telephone.” 
Attendance 30. 


Rensselaer Polytechnic Institute.— 
May 11, 1915, Sage Laboratory. Ex- 
perimental lecture by Messrs. J. A. 
Terrell and J. М. Bacon on ‘ The 
Principles and Phenomena of Currents 
of High Voltage and High Frequency.” 
Election of officers for the coming year 
as follows—chairman, W. J. Williams; 
secretary, 5. №. Galvin; executive com- 
mittee, T. M. Snyder, E. Hendry, W. 
Cravens, W. R. Townsend, J. N. Cal- 
kins, and F. М. Colvin. Attendance 
75. 

Stanford University.-—April 29, 1915, 
Engineering Building. Paper: “Тһе 
Application of Electricity in the Auto- 
mobile” by A. L. Vail. Election of 
officers for the coming year as follows— 
chairman, A. B. Stuart; secretary, H. 
J. Rathbun; treasurer, М. P. Baker; 
librarian, N. J. Mittenthal. Attend- 
ance 14. 

Syracuse University.— May 6, 1915. 
Paper: “Тһе Evolution of Wireless 
Telegraphy," by I. Shibuta. Attend- 
ance 15. 


University of Texas.— April 2, 1915. 
Papers: (1) “ Electric Railway Loco- 
motives," by E. B. Robertson; (2) 
“ Collecting Devices," by R. P. B. 
Thompson; (3) “ Mine Locomotives,” 
by R. M. Keck. Attendance 19. 

April 16, 1915. Paper: “Тһе Selec- 
tion of the Proper Voltage for Electrical 
Transmission," by Lamar Lyndon. 
Attendance 35. 

April 30, 1915. Papers: (1) “ The 
Eye and Illumination," by L. K. Del- 
home; (2) “ School Illumination," by 
W. E. Brown; (3) " Factory Lighting," 
by Elmer Smith. Attendance 19. 


University of Washington.—A pril 14, 
1915, Good Roads Building. Papers: 
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(1) “ Electrical Still for the Fractional 
Distillation of Wood Tar," by B. 
Sorenson; (2) ' Engineering as a Pro- 
fession," by A. A. Miller. Attendance 
30. 

May 4, 1915, Good Roads Building. 
Ilustrated address by Prof. L. F. 
Curtis on “ Our Outside Laboratories." 
Attendance 15. | 

Yale University. March 19, 1915, 
New Haven. Paper: “Тһе Oscillo- 
graph," by Clifford W. Bates. Attend- 
ance 90. 

April 23, 1915, Electrical Laboratory. 
Paper: “ Electromagnets and Their Ap- 
plications," by Charles В. Underhill. 
Attendance 95. 


Personal 


Mr. P. J. MuRPHY, engineer with 
Ford, Bacon and Davis, has been 
elected vice-president and general mana- 
ger of the Lackawanna and Wyoming 
Valley Railroad Company, with offices 
at Scranton, Pa. 


Mr. GEORGE S. IREDELL has ге- 
entered into private practise as civil 
and electrical engineer, with offices at 
521 Littlefield Building, Austin, Texas. 
Mr. Iredell, who had served successfully 
for almost eight years as engineer for 
the city government of Austin, ге- 
signed from that position on March 315%. 


Mr. L. O. VESER has been appointed 
electrical superintendent of the Mas- 
sena, N. Y., works of the Aluminum 
Company of America. Mr. Veser is a 
graduate of Cornell University and 
until recently was electrical engineer for 
the Northern Ohio Traction and Light 
Company, Akron, Ohio. Previous to 
this he was associated with the Ma- 
honing and Shenango Railway and 
Light Company and with the West 
Penn Traction Company, and had 
spent several years in Utah and Oregon 
on hydroelectric work. 
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Obituary 


Owen C. F. HAGUE of McGill Uni- 
versity, Montreal, Lieutenant in the 
Canadian forces, died of wounds re- 
ceived in action, in Belgium, on May 3, 
1915. Lieut. Hague was born in 
Montreal February 28, 1889. After 
preparatory training in Montreal High 
School, he studied at McGill Univer- 
sity, and received the degree of B.Sc. 
in Electrical Engineering іп 1909. 
For the following two years he was an 
engineering apprentice with the Cana- 
dian Westinghouse Company at Hamil- 
ton, Ontario, and then began his work 
at McGill University for the M.Sc. 
degree and as demonstrator in the Elec- 
trical Laboratory. 

Lieut. Hague was elected an Associate ` 
of the Institute on June 27, 1912. 


FREDERICK STARK PEARSON, D.Sc., 
Mem. A.I.E.E., president of the Pearson 
Engineering Corporation, Ltd., was one 
of the Americans who lost their lives 
when the steamship Lusitania was 
torpedoed and sunk by a German sub- 
marine off the coast of Ireland on May 
7, 1915. Dr. Pearson was born July 
3, 1861, in Lowell, Mass., and received 
his technical education at Tufts College 
as a civil engincer, afterwards taking 
post-graduate courses in mechanical 
and electrical engineering, and a special 
coursein mining engineering and chemis- 
try. Subsequently he was an instructor 
in chemistry at the Massachusetts 
Institute of Technology and instructor 
in higher mathematics and mechanical 
engineering at Tufts College. Then 
he was successively manager of the 
Somerville Electric Light Company, 
treasurer and manager of the Woburn 
Electric Light Company, and the 
Halifax Electric Light Company. Be- 
coming interested in the construction 
of electric street railways, he was chief 
engineer of the West End Street Rail- 
way Company and consulting engineer 
for the Brooklyn City Railroad Com- 
pany. On October 25, 1892, Dr. Pear- 
son was elected an Associate of the 
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Institute, and on February 21 of the 
following year he was transferred to 
the grade of Member. Dr. Pearson's 
constructive enginecring achievements 
have been so numerous and extensive 
that it is impossible to mention them 
all. His engineering direction has en- 
listed the support of American and 
foreign bankers in the formation of 
great companies such as the Brazilian 
Traction, Light and Power Company, 
electrical generating companies in and 
around Mexico City, Barcelona, Spain, 
Niagara Falls and Toronto, Ontario, 
Winnipeg, Manitoba, and railroad, 
milling and mining companies in north- 
western Mexico. Dr. Pearson in re- 
cent years lived much of his time 
abroad. He also had a home in Great 
Barrington, Mass. 


Recommended for Transfer, 
May 14 and 17, 1915 


The Board of Examiners, at its meet- 
ings on May 14 and May 17, 1915, rec- 
‘ommended the following members of 
the Institute for transfer to the grades 
of membership indicated. Any objec- 
tion to these transfers should be filed 
at once with the Sccretary. 

То THE GRADE OF FELLOW 
McCrosky, JAMES WARREN, Consult- 

ing Engincer, New York, N. Y. 
PALMER, Ray, Commissioner of Gas 

and Electricity, Chicago, Ш. 

Pupin, MICHAEL I., Professor of Elec- 
tro- Mechanics, Columbia University, 

New York, N. Y. 


To THE GRADE OF MEMBER 


ACHATZ, RAYMOND VINCENT, Instructor 
іп Telephone Enginecring, Purdue 
University, Lafayette, Ind. 

BLAKESLEE, HENRY J., Treasurer and 
Electrical Engineer, The States Co., 
Hartford, Conn. 

EKERN, EMIL ALFRED, Hydro-clectrical 
Engineer, c/o Charles T. Main, 
Great Falls, Mont. 

Нсрѕом, RaLPH G., Instructor of Elec- 
trical Engineering, Massachusetts In- 
stitute of Technology, Boston, Mass. 
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JOHNSON, CLARENCE G., Chicago, Ill. 

KREMER, WALDEMAR R., Advisory Elec- 
trical. Mechanical Engineer, Vilter 
Mfg. Co., Milwaukee, Wis. 

LANE, WILLIAM CARL, Professor of 
Electrical Engineering, Oklahoma 
Agn. and Mech. College, Stillwater, 
Okla. 

MacCuTcHeon, ALECK M., Engineer 
in Charge of Design, Reliance Elec- 
tric Co., Cleveland, О. 

NEWTON, GEORGE J. Designing En- 
gineer, with G. M. Gest, New York, 
N. Y. 

RosE, WILLIAM H., Captain, Corps of 
Engineers, U. S. A.; Electrical 
Engineer, Panama Canal, Balboa 
Heights, C. Z. 

ScorT, HAMILTON G., General Manager, 
Virginian Power Co., Charleston, 
W. Va. 

SUTTOR, JOHN B., Jr., Manager, Aus- 
tralian General Electric Co., Sydney, 
N. S. W. 

TANNER, Harry L., Engincer, Sperry 
Gyroscope Co., Brooklyn, N. Y. 

WATSON, ARTHUR EUGENE, Professor, 
Brown University, Providence, R. I. 

WHITE, FRANCIS J., Electrical Engincer, 
Okonite Co., New York, N. Y. 


Fellow Elected May 18, 1915 


Watson, THOMAS AucGUsTUs. 67 Mt. 
Vernon St., Boston, Mass. 


Transferred to the Grade of 
Member May 18, 1915 


The following Associate was trans- 
ferred to the grade of Member of the 
Institute at the mecting of the Board 
of Directors on May 18, 1915. 
POWELL, PERCIVAL HERBERT, Lecturer 

in Electrical Engineering, Canterbury 

College, Christchurch, New Zealand. 


Members Elected May 18, 
1915 


FONDILLER, WiLLIAM, Electrical En- 
gineer, Western Electric Co.; res., 
24 Charles St., New York, N. Y. 
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Guy, GEORGE L., Consulting Electrical 
Engineer, 789 Broadway Ave., Win- 
nipeg, Canada. 

Howe, CHARLES SUMNER, President, 
Case School of Applicd Science, 
Cleveland, Ohio. 

KANE, JOHN J., Patent Attorney, 
Allis-Chalmers Manufacturing Co., 
Milwaukee, Wis. 

PONTECORVO, LELLO, Director and 
Manager, Societa Italiana Westing- 
house, Vado, Ligure, Italy. 

SMITH. AUGUSTUS CANFIELD, Sales En- 
gineer, Cataract Power & Conduit 
Co., Buffalo, N. Y. 


Associates Elected May 18, 
1915 


Влікр, HoBART B., Electrical Engineer, 
Hagerstown and Frederick Railway 
Co., Hagerstown, Md. 

*BELL, WiLLIAM R., Chief Load Des- 
patcher, Connecticut River Transmis- 
sion Co., Millbury, Mass. 

BLANEY, LLoyp W., Wireman, Panama 
Canal, Gatun, C. Z. 

CHAMPAGNE, LEO J., Electrical Engi- 
neer, Los Angeles County, Hall of 
Records; res., 1000 W. Pico St., Los 
Angeles, Cal. 

CHAPMAN, PAUL EDWIN, Asst. to 
Gen'l. Supt. Elec. Distribution, Pa- 
cific Gas & Electric Co., 5th and 
Tehama Sts., San Francisco, Cal. 


**CHUNG, DANIEL MCCLEAN, Apprentice 
Electricity Dept., Shanghai Munici- 
pal Council, res., 156 М. Szechuen 
Rd., Shanghai, China. 

COLLINS, JOSEPH F., Consulting En- 
gineer, 308 Walnut St., Philadelphia, 
Pa. 

CONWELL, ROLLIN N. Laboratory 
Assistant, Public Service Electric Co., 
Newark; res, 176 Berkeley Ave., 
Bloomfield, N. J. 

Cory, MERTON M., Instructor in Elec- 
trical Engineering, Michigan Agri- 
cultural College, East Lansing, Mich. 

DANNER, J. RUSSELL, Apprentice Elec- 


trical Engineer, Braden Copper Co., 
Rancagua, Chile, S. A. 
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Dash, Cyrus C., Instructor in Elec- 
trical Engineering, Case School of 
Applied Science, Cleveland, Ohio. 

FisH, JAMES A., Switchboard Operator, 
Alabama Power Co., Gadsden, Ala. 

FLYNN, А. A., Electrical Engineer, 
Rogue River Public Service Corp., 
Gold Hill, Orc. 

*GokKAY, WILLIAM M., Foreman, Elec- 
trical Construction, Eastern Michi- 
gan Power Co., Jackson, Mich. 

HAIG, WILLIAM A., JR., City Electrical 
Inspector,City Hall; res., 690 28th St., 
Milwaukee, Wis. 

HAUSEN, RAYMOND F., Partner, Pitts- 
burgh Carbon Brush Co., & R. F. 
Hausen Co., 518 Sandusky St., N.S. 
Pittsburgh, Pa. 

IENGAR, NuGIHALLI N., Electrical En- 
gineer, 4 Sheshadripuram, Bangalore, 
India. 

JOSSELYN, BENAGES., JR., Repair Dept., 
General Electric Co., 365 E. Illinois 
St., Chicago, Ш. 

*KNIGHT, IRA W., Engineer, Boston 
Office, Underwriters’ Laboratories, 
Inc., 87 Milk St., Boston, Mass. 

*MACKENZIE, ALEXANDER M., Wire 
Chief, Bell Telephone Co.; res., 53 
Glasgow St., Guelph, Ont. 

MACQUEEN, JAMES ARCHIBALD, As- 
sistant Superintendent, Schumacher 
Gray Co.; res., Suite 18, Scott Apts., 
Maryland St., Winnipeg, Man. 

MAHER, Harry L., Electrical (Experi- 
mental) Dept., Ford Motor Co.; res., 
214 Hague Ave., Detroit, Mich. 

MALBY, SETH G., Eng. Salesman, Alu- 
minum Co. of America; res., 96 
Claremont Ave., New York, N. Y. 

Мссанекү, CALVERT R., Electrical and 
Mechanical Engineer, 208 Coca Cola 
Bldg., Baltimore, Ма. 

MINTON, JOHN P., Electrical Research, 
General Electric Co.; res., Y. M.C.A., 
Pittsfield, Mass. 

MULDAUR, GEORGE BARTON, Manager, 
Field Cooperation, Society for Elec- . 
trical Development, 29 W. 39th St., 
New York, N. Y. 

NEBLETT, HERSCHEL W., Draftsman, 
Commonwealth Edison Co., Room 
600, 72 W. Adams St., Chicago, Ш. 
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OHLSSON, FRITZ S., Superintendent of 
Central Station, Municipal Light and 
Water Plant, Elkhorn, Wis. 

PERHAM, DovGrAs McD., Electrician, 
105 Second Ave.; res., 1007 Н Ave.W., 
Cedar Rapids, Iowa. 

PHIPPS, AuGustius H. Q., Engineer in 
Charge, Power House, B. C. Electric 
Ry. Co., Goldstream, B. C. 

RAMSEY, HAROLD E., Junior Elec- 
trical Engineer, Div. of Valuation, 
Interstate Commerce Commission; 
res. 813 Mass. Ave. N. E., Washing- 
ton, D.C. 

RINDFLISH, FRED C., Electrical Drafts- 
man, Ford Motor Co.; res., 417 3rd 
Ave., Detroit, Mich. 

ROESLER, GEORGE A., Chief Engineer, 
Englewood Power Station, Homestake 
Mining Co., Englewood, S. D. 

Котн, HENRY C., Supervising Engineer 
of Construction Work, with A. C. 
Moore; res., 327 N. Wall St., Joplin, 
Mo. 

ROWE, EUGENE C., Draftsman, Com- 
monwealth Edison Co., Room 620, 72 
W. Adams St., Chicago, Ill. 

SANFORD, DUDLEY, Operator, Utah 
Power & Light Co., Grace, Idaho. 

SCHMIECH, CARL A., Roadman, General 
Electric Co.; res., 1033 N. Dearborn 
Ave., Chicago, Ill. 

SKOVE, WALTER, Switchboard Opera- 
tor, Cleveland Municipal Electric 
Light Plant; res., 11716 Woodland 
Ave., Cleveland, Ohio. 


SMITH, JAMES U., Head Draftsman, 
Mech. & Elec. Dept., Panama-Pa- 


cific International Exposition, San 
Francisco; res., 2320 Ward St., 


Berkeley, Cal. 

STENGEL, CHARLES, Manager, Munici- 
pal Light and Power Plant, Wolscley, 
Sask. 

STEPHENS, HARRY H., Secretary and 
Engineer, D’Olier Centrifugal Pump 
& Machinery Co.; res., 5106 Warnock 
St., Logan, Philadelphia, Pa. 

TANZER, E. DEAN, Assistant Professor 
of Electrical Engineering, Lafayette 
College; res., Mattes Lane, College 
Hill, Easton, Pa. I 
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THOMSON, GEORGE L. A., Laboratory 
Assistant, Public Service Electric Co., 
Newark; res, 852 Kilsyth Rd., 
Elizabeth, N. J 

TURNBULL, WILLIAM H., JR., Substation 
Inspector, West Jersey and Seashore 
R. R. Co., Pennsylvania R. R. Co.; 
res., 74 Centre St., Woodbury,N. J. 

*WHITALL, Roy C., Engineer, Whitall 
Electric Co., Westerly, R. I. 

WILLIAMS, ROBERT GEORGE HAND, 
Chief Testing Engineer, Electric 
Cable Co., Bridgeport, Conn. 

Total 46. 
*Former enrolled students. 


Applications for Election 


Applications have been received by 
the Secretary from the following candi- 
dates for election to membership in the 
Institute. Unless otherwise indicated, 
the applicant has applied for admission 
as an Associate. If the applicant has 
applied for direct admission to a higher 
grade than Associate, the grade follows 
immediately after the name. Any 
member objecting to the election of any 
of these candidates should so inform 
the Secretary before June 30, 1915. 


Arnold, C. N., Chicago, Ш. 

Baily, P., Atlantic City, N. J. 
Birch, A. L. (Member), Kuala, India. 
Calman, C. G., Melbourne, Australia. 
Coley, R. J., Toronto, Ont. 
Cruikshank, J. S., Baltimore, Md. 
Elkins, L. R., New York, №. Y. 
Emory, Е. D., Kaslo, B. C. 

Freese, К. J., Brooklyn, N. Y. 
Freund, С. J., Pittsburgh, Ра. 
Glover, E. B., Erie, Pa. 

Goldman, F., Portland, Ore. 
Holland, M., Boston, Mass. 

Linnell, C. G., Massena, N. Y. 
Lubienski, H., Petrograd, Russia 
Means, E. C. (Member), Denver, Colo. 
Nimmo, W. H. R., Hobart, Tasmania. 
Oehrig, H. B., Newark, N. J. 
Pawson, H. E., Prince Albert, Sask. 
Pennington, Р., New York, N. Y. 
Reeve, C. T., Cohoes, N. Y. 
Reisfeld, L., Chicago, Ш. 

Rohland, C. J., Worcester, Mass. 


1915] 


Shuler, W., Jr., Cleveland, O. 
Smith, H. F., New York, N. Y. 
Snyder, C. C., Fellows, Cal. 
Stevens, W. H., Balboa, C. Z. 
Thompson, J. T., New York, N. Y. 
Trainer, J. E., New York, N. Y. 
Weiser, R. G., Brooklyn, N. Y. 
Wheeler, R. N., Porcupine, Ont. 
Wheeler, W. S. (Member), New York, 
N. Y. 
Wilhelm, G. T.. Denver, Colo. 
Zencak, F., Philadelphia, Pa. 
Total 34. 


‘Students Enrolled May 18, 
1915 


7331 Kimber, J. V., Univ. of Cal. 
7332 Jackson, W. D.. Ohio Nor. Univ. 
7333 Parkinson, W. S., Jr. Penna. 
State College. 

7334 Purdy, A. R., Cornell Univ. 
7335 Gilcher, R. J., Cornell Univ. 
7336 Boland, C. S., Ga. Inst. Tech. 
7337 Locke, G. A., Cooper Union. 
7338 Frank, T. L., Univ. of Nebr. 
7339 Locke, E. A., Tufts College. 
7340 Schmitz, H. A.,Jr., MarquetteUniv. 
7341 Burnham, E. J., Univ. of Kans. 
7342 Anderson, H. R., Norwich Univ. 
7343 Ryder, L. E., Norwich Univ. 
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7344 Foskett, E. L., Norwich Univ. 
7345 Merkel, W. C., Norwich Univ. 
7346 Brown, N. F., Univ. of Mich. 
7347 Dellinger, L. M., Univ. of Mich. 
7348 Barnes, L. A., Univ. of Nebr. 
7349 Potts, W. A., Stanford Univ. 
7350 Ferguson, J. G., Univ. of Calif. 
7351 Lescher, T.T., Montana State Col. 
7352 Eshleman, G.J.C., Penna. St. Coll. 
7353 Stoup, G.A., Case School App. Sct. 
7354 Zimmerman, H. J., Case School 
of Applied Science. 
7355 Miller, E. C., Univ. of Wash. 
7356 Smith, G. 5., Univ. of Wash. 
7357 Smith, U: M., Univ. of Mich. 
7358 Taylor, A. N., Univ. of Toronto. - 
7359 Fenker, C. M., Univ. of Cin. 
7360 Grass, S. A., Penna. State Coll. 
7361 Bell, E. D., Univ. of Illinois. 
7362 Ironside, G.A., Univ. of Toronto. 
7363 Smith, R. K., Purdue University. 
7364 Hockaday, O. S., Univ. of Texas. 
7365 Tays, E., Univ. of.California. 
7366 Burgett, L. S., Case Sch. App. Sci. 
7367 Brown, E. А., Univ. of Illinois. 
7368 Miller, J. H., Univ. of Illinois. 
7369 Davidson, G. P., Univ. of Toro. 
7370 Adams, T. J., Univ. of Virginia. 
7371 Birren, E. G., De Pauw Univ. 
7372 Peebles, J. K.. Jr., Univ. of Va. 
Total 42. 


EMPLOYMENT DEPARTMENT 


Note: Under this heading brief announcements (not more than 50 words in 
length) of vacancies, and men available, will be published without charge to mem- 


bers. 


Secretary's office prior to the 20th of the month. 


Copy should be prepared by the member concerned and should reach the 


Announcements will not be re- 


peated except upon request received after an interval of three months, during this 


period names and records will remain in the office reference files. 


All replies should 


be addressed to the number indicated in each case, and mailed to Institute head- 


quarters. 


The cooperation of the membership by notifying the Secretary of available 


positions, is particularly requested. 


Vacancies 

The United States Civil Service Com- 
mission announces an open competitive 
examination for electrical engineer and 
draftsman on June 23 and 24, 1915, 
to be held at numerous places in the 
United States. From the register of 
eligibles resulting from this examina- 
tion certification will be made to fill 
vacancies as they may occur in this 


position at $1,200 a year, in thc office 
of the Supervising Architect, Treasury 
Department, Washington, D. С., and 
in positions requiring similar qualifica- 
tions. 

Applicants must have the equivalent 
of a high-school education, and not 
less than three years’ special experience 
as a draftsman principally in connec- 
tion with electrical work and illumina- 


156 


ting engineering, or be technical grad- 
uates with not less than six months’ 
experience as clectrical draftsman or 
practical experience in the installation 
of electrical wiring or apparatus. 
Persons who meet the requirements 
and desire this examination should at 
once apply for the circular announcing 
this examination (Form No. 461, issued 
May 18, 1915) and Form No. 1312, 
Stating the title of the examination for 
which the form is desired, to the United 
States Civil Service Commission, Wash- 
ington, D. C. Application forms may 
also be obtained from the secretary of 
the U. S. Civil Service Board at any 
of the places where the examination 
will be held, and if it appears to an 
applicant desiring this examination 
that it will not be possible to obtain 
the necessary forms from the Com- 
mission at Washington in time, it is 
suggested that inquiry be made at the 
nearest post office or custom house. 


Men Available 

281. Electrical Engineer. Graduate 
of leading Eastern technical school, 
1914. Would like to locate with some 
manufacturing or construction com- 
pany where practical experience may 
be obtained. For past six months have 
been employed as salesman of clectric 
apparatus. 


282: Electrical Engineer. Seven years 
with large light and power companies 
in France; three years with G. E. Co. 
at Schenectady; five years represent- 
ing large companies manufacturing 
electrical apparatus in France and 
Spain. Speak French, Spanish, English 
and Russian. At present manager of 
power plant in Paris. Desires position 
as representative of an American firm 
in Europe or South America. 

283. Electrical Engineer. Married; 
age 3l. Seventeen years’ experience, 
comprising electric railway, substation, 
power plant, high and low tension in- 
stallations, electric furnaces. Thoroughly 
understand installation and  opera- 
tion. Have executed considerable work 
requiring much originality of design. 

284. Electrical Engineer. 53 years’ 
practical experience in design, construc 
tion and operation of power plants, 
substations and transmission lines; 24 
years’ experience on steam railway alee. 
trification project in calculation of elec- 
tric energy requirements and design of 
transmission lines, substations, power- 


houses and determination of other re- 
quirements. 
285. Engineer. Two years’ experi- 


ence as engineer of steam turbine plant. 
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Ten years as draftsman, designing and 
field construction engineer on power 
plants, transformer and rotary con- 
verter stations, transmission and dis- 
tributing systems. Good civil and me- 
chanical engineer with an excellent 
knowledge ot inorganic chemistry. Pres- 
ent location Toronto, Canada. 

286. Electrical and Mechanical En- 
gineer. Graduate Sheffield, 1910. One 
vear's practical experience in Lynn 
shops of General Electric Co. Three 
years designing automatic telephone 
apparatus for Western Electric Co. 
Thoroughly familiar with present-day 
manufacturing methods. Desires op- 
portunity with smaller concern. 

287. Electrical Engineer. Five vears' 
experience in central station construc- 
tion and operation; with steam and 
hydraulic high-tension transmission 
construction and operation; d-c. opera- 
tion and distribution. General office 
experience, including operating and 
cost data. Good draftsman and chem- 
ist. Age 29; married; university and 
technical training. Salary secondary 
consideration. 

288. Electrical Engineer. Age 24; 
1914 graduate. Desires position with 
light and power company. One year's 
experience with high voltage trans- 
mission lines, including insulator test- 
ing. Some experience with electric steel 
furnace. Speaks English, Spanish and 
Portuguese. 


289. Electrical and Mechanical En- 
gineer. Age 32; married. Twelve years’ 
experience, from coal pile to switch- 
board. Can analyze coal and get best 
results from it. Possess CO; recorder 
and steam engine indicator. Wide ex- 
perience in erecting heavy electric ma- 
chinery. Willing to start on very 
moderate salary provided chance for 
advancement is afforded. 


290. Electrical Engineer. R. P. I. 
graduate; married. Five years’ ехрегі- 
ence as electrical contractor, two years 
with the New York State Public Ser- 
vice Commission as construction in- 
spector. Very broad practical experi- 
ence in electrical, steam and mechanical 
engineering. Desires position, prefer- 
ably out of New York City, where ability 
and hard work will be rewarded. 


291. Manager or technical director 
capable of handling complete enter- 
prise. Business changes make а tech- 
nical graduate, electrical engincer, (Col- 
umbia, 1897) available for opportunity 
where a salary of $5000 a year is to be 
earned. part of which may be contin- 
gent. Experience covers full charge of 
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purchasing material and executing con- 
tracts; manufacturing; and financial 
work. 

292. Electrical Engineer. Technical 
graduate of western university of rec- 
ognized standing (1910). Experience 
includes one and a half vear G. E. test 
and laboratory work and more than 
two years designing transformers, mostly 
for special purposes, such as testing, etc. 
Have had some construction and draft- 
ing room experience. 


293. Technical Graduate, (E. E.), 
with five years' practical experience in 
large western electric and ice machine 
company. Experience embraces jig and 
fixture design, estimating, analysis of 
production costs, d-c. electrical design, 
and machine shop work. Desires em- 
ployment with engineering or manu- 
facturing company. At present em- 
ployed. 


294. Electrical Engineer. Age 29; mar- 
ried. Seven years' experience as elec- 
trical worker, draftsman, Westinghouse 
test, research and development. Form- 
erly assistant engineer handling indus- 
trial applications. Possess initiative and 
executive ability. Desire permanent con- 
nection in sales, manufacturing or con- 
sulting work. Can invest capital; avail- 
able upon reasonable notice; salary 
$1500. 


295. Technical Graduate. Ten years' 
experience in gas and electrical manu- 
facturing, light and power work. De- 
sires change to engineering or executive 
position in electric lighting or combina- 
tion company. 


296. An experienced and successful 
teacher of electrical engineering is avail- 
able for school year beginning Septem- 
ber l. Five years' experience in design, 
construction and operation of power 
plants; four years' teaching experience 
in large university. One book largely 
used as a text in engineering schools; 
another issued this spring. 


297. Engineer. Electrical graduate 
with six years’ experience designing 
and constructing electrical distribut- 
ing apparatus, wiring, inspection of 
installations, operation of all types of 
electrical: machinery. Age 29. Middle 
West preferred. 


298. Electrical Engineer. Renssclaer 
and Mass. Inst. Tech. and Westing- 
house engineering apprenticeship 
course. Age 34. Ten years’ experience 
in railway electrification work, power- 
house and boiler-room efficiency work. 
Experienced in engineering, construc- 
tion and operation. Capable of assuming 
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executive charge or superintending de- 
Sign or construction. 


299. Telephone Engineer and Su- 
perintendent with proven construction 
maintenance and business experience, 
desires position with reliable firm in 
the East. Also considerable sales ex- 
perience. Can aid you to make your 
business more efficient and profitable. 
Said to be very thorough by those who 
know him. 


300. Electrical Engineer, technical 
graduate, desires connection with con- 
sulting engineering or research organ- 
ization. Experience with original in- 
vestigations of high and low voltage 
transmission and station problems, pre- 
ceded by commercial and research test- 
ing at manufacturing plant. Specialist 
on transmission and induction troubles 
and oscillograph investigations. 


901. Electrical Engineer. Technical 
graduate, 1913. Two years General Elec- 
tric test. Would like to locate with 
construction or central station company 


where practical experience may be 
obtained. Now employed. 
302. Technical Graduate, 1911. 


Two years with consulting engineer as 
assistant and then principal. Central 
heating and power plant; equipment of 
buildings and factories. At present 
employed laying out equipment for 
additions and alterations to present 
installation in factory; work now prac- 
tically completed. Desires permanent 
position. 


303. Contract Engineer and Solici- 
tor. Speciahst in applying electricity 
to manufactories. Fifteen years’ ex- 
perience in industrial engineering. Past 
five years and at present engaged in 
making tests and reports on factory 
power plants and equipment to show 
superiority of central station power. 
Desire similar position with Eastern 
concern. 


Library Accessions 


The following accessions have been made to the 
Library of the Institute since the last acknowledg- 
ment. 

Detroit. Board of Street Railway Commissioners. 
Report on Detroit Strect Railway Traffic 
and Proposed Subway, By Barclay Par- 
sons & Klapp. New York, 1915. (Gift of 
authors). 

Electricity for the Farm. Ву В. |. Anderson. 
New York, The Macmillan Co., 1915. 
(Gift of Publisher). Price, $1.25. 

A book not for engineers, but for farmers; 
written in very plain language. Tells of the 
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installation of small hydro-electric and gasolene 

electric plants; transmission lines, wiring build- 

ings for power and light and care of storage 

batteries. No discussion of wind-mill driven 

installations, so common abroad, is given. 
W.P.C. 

Maryland. Public Service Commission. Report 
1914. Baltimore, 1915. (Gift of Maryland 
Public Service Commission). 

The Parshall Family, A.D. 1870-1913. A collec- 

` tion of historical records and notes to ac- 

company the Parsha!l pedigree. By Horace 
Field Parshall. London, 1915 (Gift of 
Author). 

On the Precision Measurement of Air Velocity 
by Means of the Linear Hot-wire Anemom- 
eter. By L. V. King. (Reprint from 
Philosophical Magazine, Apr. 1915). (Gift 
of author). 

Public Utilities; their fair present value and re- 
turn. By Hammond V. Hayes. N. Y. Van 
Nostrand Co., 1915. (Gift of Publisher). 
Price, $2.00. 

This supplements the work of the same author 
published last year, which treated of the '' cost 
new апа depreciation" of public utilities. 
The treatment of the question of the proper in- 
terpretation of overhead charges is unusual. 

W.P.C. 
Girt oF J. J. BELLMAN. 


Foster, John. Elementary treatise on Electricity, 
magnetism, galvanism, etc. Schenectady, 
1877. 

Jamieson, Andrew, Elementary manual of mag- 
netism and electricity. Part I— Magnetism. 
London, 1889. 

Napier, James. Manual of Electro-metallurgy. 
Ed. 4. Philadelphia, 1867. 
Uppenborn, F. History of the 

London, 1889. 

Van der Weyde, P. H. Comparative dangers of 
alternate vs. direct electric currents. (Ab- 
stract). 

Wormell, R. Electrical Units. London, n.d. 


Transformer. 


TRADE CATALOGUES. 


Chicago Pneumatic Tool Company. Chicago, Ill. 
" [deal Powe.” May 1915. 

Delta Star Electric Co. Chicago, Ill. Bull. 14. 
Outdoor  sub-stations and weatherproof 
equipment. Oct. 1914. 

Diamond Chain & Míg. Co. Indianapolis, Ind. 
Data sheet. 

Edison Lamp Works of General Electric Co. 
Harr.son, N. J.. Bull. 43550. Edison Mazda 
sign lamps. 

Electric Storage Battery Co. Philadelphia, Pa. 
Bull. 148., The “Exide” Stand-by Battery. 
April 1915. 

----беспоп X, Ed. 19. ' Exide” battery, for 

vehicles. 1915. 

Section 2, Ed. 3. “ Exide” battery, Туре Z, 

for motorcycle service. 

Fort Wayne Electric Works. Fort Wayne, Ind. 

Bull. 46100. Type M Demand indicators. 

Feb. 1915. 
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— Bull. 46101. Type P Demand indicators. 
Feb. 1915. 

General Electric Company. Schenectady. N. Y. 
Bull. 41013. Direct current commutating 
pole motors, Type RC. March 1915. 

Indianapolis Brass Co. Indianapolis, Ind. De- 
scriptive catalogue. 

National Lamp Works of General Electric Co. 

Cleveland, O. Bulletin 23. Mazda lamps 

for projection purposes. 

Bulletin 24. Outdoor tennis court lighting. 

Ohio Brass Co. Mansfield, O. Bulletin Mch.- 
Apr. 1915. 

Supplee-Biddle Hardware Co. Philadelphia, Pa. 
Monel Metal. April 1915. 

Turbo Gear Company. Baltimore, Ма. Cata 
logue. A. (Describes turbo-gear.) May 1915. 

Under Feed Stoker Co. Chicago, Ill. Publicity 
Magazine. April 1915. 


UNITED ENGINEERING SOCIETY. 


Aerial Navigation. By A. F. Zahm. New York, 
1911. (Purchase.) 

Anthracite Coal Combination in the 
States. By Eliot Jones Cambridge, 
(Purchase.) 

The Bells of Lynn. By C. J. H. Woodbury. 
(Paper given before the Lynn Historical 
Society, Dec. 10, 1914.) Lynn, 1915. (Gift 
of author.) 

Beton Kalender Taschenbuch für den Beton und 
Eisenbetonbau, X. Jahrgang, 1915, pts. 1-2. 
Berlin, 1914. (Purchase.) 

Calcul Graphique et Nomographie. 
Ocagne. Paris, 1914. (Purchase.) 

Canadian Mining Manual, 1914. Toronto, 1914. 
(Purchase.) 

Carillons of Belgium and Holland. By W. G. 
Rice. New York, 1915. (Purchase.) 

Cases on Public Service Companies. Ed. 2. 
By Bruce Wyman. Cambridge, 1909. (Pur- 
chase.) 

Celluloid, its manufacture, applications and sub- 
stitutes. By Masselon, Roberts and Cillard. 
London, 1912. (Purchase.) 

Centrifugal Pumps. By R. L. Daugherty. New 
York, 1915. (Purchase.) 

Die Chemie дег hydraulischen Bindemittel. 
By Hans Kuhl und Walter Knothe. Leip- 
zig, 1915. (Purchase.) 

Commercial Problem in Buildings. By C. C. 
Evers. New York, 1914. (Ригсһеѕе.) 


Concrete Roads and Pavements. By E. S. Han- 
son. Chicago, 1914. (Purchase.) 


Control of Public Utilities. By W. M. Ivins and 
H. D. Mason. New York, 1908. (Purchase.) 


Design of Steel Bridges, theory and practise for 
the use of Civil Engineers and students. 
By F. C. Kunz. New York, 1915. (Pur- 
chase.) 

Direct Acting Steam Pumps. By F. F. Nickel. 
New York, 1915. (Purchase.) 

Distillation of Alcohol from Farm Products. 
By F. B. Wright. Ed. 2. New York, 1913. 
(Purchase.) 


United 
1914. 


By M. 
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Dock and Harbour Engineer’s Reference Book. 
By Brysson Cunningham. London, 1914. 
(Purchase.) 

Electric Lighting and Starting for Motor Cars. 
By H. H. U. Cross. London, 1915. (Pur- 
chase.) 

Electric Railway Handbook. By A. S. Richey, 
assisted by W. C. Greenough. New York, 
1915. (Purchase.) 

Elektrische Vollbahnlokomotiven fur ein- 
phasigen Wechselstrom. By Herman Zipp. 
Leipzig, 1915. (Purchase.) 

Engineering Economics. By J. C. L. Fish. New 
York, 1915. (Purchase.) 

Engineering Office Systems and Methods. By 
J. P. Davies. New York, 1915. (Purchase.) 

Examination of Lubricating Oils. By Thos. B. 
Stillman, Easton, Pa. 1914. (Purchase.) 

Exterior Ballistics. By P. R. Alger. Baltimore, 
1906. (Purchase.) 

Factory Administration and Accounts. By E. 
T. Elbourne. London, 1914. (Purchase.) 
Farbstofftabellen. Ed. 5. By Gustav Schultz. 

Berlin, 1914. (Purchase.) 

Le Fognature di Milano. Ed. 3. By F. Poggi. 
Milano, n.d. (Purchase.) 

Geometry of Four Dimensions. By H. P. Man- 
ning. New York, 1914. (Purchase.) 

The Gun and Its Development. Ed. 9. By W. 
W. Greener. London, 1910. (Purchase.) 

Hammond’s Atlas of New York City and the 


Metropolitan District of New York, 1915. 


(Purchase.) 

Handbook of Machine Shop Management. By 
John H. Van Deventer. New York, 1915. 
(Purchase.) 

Handbuch der Ingenieurwissenschaften. Ed. 5, 
pt. 3. Leipzig, 1914. (Purchase.) 

Heat Engineering. By Arthur M. Greene, Jr. 
New York, 1915. (Purchase.) 

Піс Herstellung, Verwendung und Aufbewah- 
rung von flüssiger Luft. Ed. 4. By Oscar 
Kausch. Weimer, 1913. (Purchase.) 

History of Simon Willard, Inventor and Clock- 
maker. By John W. Willard, Boston. 1911. 
(Purchase.) А 

Illustrated Technical Dictionaries in six lan- 
guages. Vol. I. Machine clements and tools 
for working in metal and wood. London, 
n.d. (Purchase.) 

Industrial Chemistry. Ed. 2. By Allen Rogers. 
New York, 1915. (Puichase.) 

Ingenieur Kalender, 1915. 2 pts. By Fr. Frey- 
tag. Berlin, 1915. (Purchase.) 

Journal of Engineering. University of Colorado. 
nos. 1-10. 1904-14. Boulder, 1904-14. (Gift 
of University of Colorado.) 

Leitfaden fur Acetylenschweisser. Ed. 2. By 
Theo. Kautny. Halle, 1914. (Purchase.) 
Mechanical Saws. By S. W. Worssam. London, 

1868. (Purchase.) 

Mechanics Applied to Engineering. Ed. 8. By 
John Goodman. London, 1914. (Purchase.) 

Modern Instruments and Methods of Calcula- 
tion. By E. M. Horsburgh. London, n.d. 
(Purchase.) 
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Machinery. 
1913. (Pur- 


Modern Pumping and Hydraulic 
By Edward Butler, London, 
chase.) 

Modern Soaps, Candles and Glycerin. By L. L. 
Lamborn. New York, 1906. (Purchase.) 
Motor Cycle Principles and the Light Car. By 
R. B. Whitman. New York, 1914. (Pur- 

chase.) 

National Association of Railway Commissioners. 
Proceedings of the 26th Annual Convention, 
Nov. 17-20, 1914. New York, 1914. (Pur- 
chase.) 

Naval Electricians Text Book. Vol. II-Practical. 
Ed. 3. Annapolis. 1915. (Purchase.) 

New York State Department of Efficiency and 
Economy. Annual Report volume 5, 1915. 
Albany, 1915. (Gift of Authur H. Blan- 
chard.) 

Official American Textile Directory, 1914. Bos- 
ton, 1914. (Purchase.) 

Oil, Paint and Drug Reporter. Green Book for 
Buyers. March 1915. New York, 1915. 
(Purchase.) 

Physick. (Die Kultur der Gegenwart. Bd. I.) 
Leipzig-Berlin, 1915. (Purchase.) 

I Processi Termoelettrici della Siderurgia Mo- 
derna. By C. F. Bonini. Milano, 1914. 
(Purchase.) 

The Rare Earths, their occurrence, chemistry 
and technology. By S. I. Levy. New York, 
1915. (Purchase.) 

Sammlung Vieweg. Tagesfragen aus den Ge- 
bieten der Naturwissenschaften und der 
Technik. 7, 8, 11-20. Braunschweig, 1914. 
(Purchase.) 

Shop Systems. New York, 1914. (Purchase.) 

Stamp Milling and Cyaniding. By F. A. Thom- 
son. New York, 1915. (Purchase.) 

Statische Tabellen Belastungsangaben und For- 
meln zur Aufstellung von Berechnungen für 
Baukonstruktionen. Ed. 5. By Franz Boer- 
ner. Berlin, 1915. (Purchase.) 

Studi di Meccanica Molecolare. By Luigi Fer- 
rario. Milano, 1915. (Purchase.) 
Syracuse University. Bulletin, March 

Syracuse, 1915. (Gift of University.) 

Text Book of Engineering Thermodynamics. 
By C. E. Lucke and J. J. Flather. New 
York, 1915. (Purchase.) 

Traité de Nomographie. By M. d'Ocagne. Paris, 
1899. (Purchase.) 

Tunneling. By Eugene Lauchli. New York, 1915. 
(Purchase.) 

United States Steel Corporation. Methods for 
the Commercial Sampling and Analysis of 
Alloy Steels. n.p. 1915. (Gift of Carnegie 
Steel Company.) 

Valve Gears. By Chas. H. Fessenden. New 
York, 1915. (Purchase.) 

Ventilation and Humidity in textile mills and 
factories. By C. H. Lander. Lond. N. Y., 
1914. (Purchase.) 

Viscosity of Liquids. By A. E. Dunstan & F. 
B. Thole. London, 1914, (Purchase.) 
Wiring of Finished Buildings. By Terrell Croft. 

New York, 1915. (Purchase.) 
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ЕЕ 


OFFICERS AND BOARD OF DIRECTORS, 1914-1915 


(Term expires July 31, 


PRESIDENT. 


(Term expires July 31, 1915.) 


PAUL M. LINCOLN. 


JUNIOR PAST-PRESIDENTS. 


1915.) 


RALPH D. MERSHON. 


(Term expires July 31, 


J. A. LIGHTHIPE. 
H. H. BARNES, JR. 
C. E. SCRIBNER. 


(Term expires July 31, 1915.) 
COMFORT A. ADAMS. 

J. FRANKLIN STEVENS. 
WILLIAM B. JACKSON. 
WILLIAM McCLELLAN. 


TREASURER. 
GEORGE A. HAMILTON. 


VICE-PRESIDENTS. 
1915.) 


MANAGERS. 
(Term expires July 31, 1916.) 
H. A. LARDNER. 
B. A. BEHREND. f 
PETER JUNKERSFELD. 
L. T. ROBINSON. 


(Term expires July 31, 1915.) 


HONORARY SECRETARY. 
RALPH W. POPE, 


*NORVIN GREEN, 1884-5-6. 
*FRANKLIN L. POPE, 1886-7. 

T. COMMERFORD MARTIN, 1887-8 
EDWARD WESTON, 1888-9. 

ELIHU THOMSON, 1889-90. 
*WILLIAM A. ANTHONY, 1890-91. 
ALEXANDER GRAHAM BELL, 1891-2. 
FRANK JULIAN SPRAGUE, 1892-3. 
*EDWIN J. HOUSTON, 1893-4-5. 


LOUIS DUNCAN, 1895-6-7. 


FRANCIS BACON CROCKER, 1897-8. 
A. E. KENNELLY, 1898-1900. 


CARL HERING, 1900-1. 
* Deceased. 


GENERAL COUNSEL. 
PARKER and AARON, 


(Term expires July 31, 1916.) 
С. О. MAILLOUX. 


(Term expires July 31, 1916.) 
В. S. HUNTING. 
N. W. STORER. 


FARLEY OSGOOD. 


[June 


(Term expires July 31, 1917.) 


FREDERICK BEDELL. 
BANCROFT GHERARDI. 
A. S. McALLISTER. 
JOHN H. FINNEY- 


SECRETARY. 


F. L. HUTCHINSON. 


LIBRARIAN. 
W. P. CUTTER, 


52 Broadway, New York. 


PAST-PRESIDENTS.—1884-1914. 


CHARLES P. STEINMETZ, 1901-2. 


CHARLES F. SCOTT, 1902-3. 
BION J. ARNOLD, 1903-4. 
JOHN W. LIEB, 1904-5. 


SCHUYLER SKAATS WHEELER, 1905-6. 


SAMUEL SHELDON, 1906-7. 
HENRY G. STOTT, 1907-8. 
LOUIS A. FERGUSON, 1908-09. 
LEWIS B. STILLWELL, 1909-10. 


DUGALD C. JACKSON, 1910-11. 


GANO DUNN. 1911-12. 
RALPH D. MERSHON, 1912-13. 


С. О. MAILLOU X, 1913-14. 
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STANDING COMMITTEES 


Revised to June 1; 1915 


EXECUTIVE COMMITTEE. 
P. M. Lincoln, Chairman, 
. Е. апа M. Company: East Pittsburgh, Pa 


C. A. Adams, Hamilton, 
H. H. Barnes, Jr., William McClellan, 
B. A. Behrend, N. W. Storer. 


FINANCE COMMITTEE. 
J. Franklin Stevens, Chairman 
1326 Chestnut St., Philadelphia, Pa. 
H. H. Barnes, Jr. B. Gherardi. 


LIBRARY COMMITTEE. 
Samuel Sheldon, Chairman, 
198% Schermerhorn St., Brooklyn, N. Y. 
B. Gherardi, Harold Pender, 
F. L. Hutchinson. W. I. Slichter. 


MEETINGS AND PAPERS COMMITTEE. 
. Robinson, Chairman, 
"General Electric Company. Sc НЫ М. У. 
hubb, 
Е. 4 p ‚ Creighton, . B. Rasheed 


C. E. Scribner, 
agald С. ыба; Clayton Н. Sharp, 
Шат B. Jackson, 


Charles P. Steinmetz, 


у Уаш В, Ja H. G. Stott, 

. Kintner, Wilfred Sykes, 
C. S. McDowell, P. H. Thomas, 
H. H. Norris, J. B. Whitehead. 


EDITING COMMITTEE. 
H. H. Norris, Chairman, 
239 West 39th St., New York. 
M. G. Lloyd, W. S. ugg, 
A. S. McAllister, W. I. Slichter. 


BOARD OF EXAMINERS. 
Maurice Coster, Chairman, 
165 Broadway, New York. 
Philander Betts, А. S. McAllister, 
Henry Роу, John B. Taylor. 


SECTIONS COMMITTEE. 
H, A. Hornor, Chairman, 
Hamilton Court, 39th and Chestnut Streets 
Philadelphia, Pa 


Frederick Bedell, W. A. Hall, 
H. W. Flashman F. < бы 
harles F. S 


and the chairmen of all ЕЯ Sections. 


STANDARDS COMMITTEE. 


A. E. Kennelly, Chairman, 
arvard 'niversity, Cambridge, Mass. 
C. A. Adams, Secretary, 
Harvard University, Cambridge, Mass. 


Jama Burke, W. H. Powell, 

. A. Del Mar, Charles Robbins, 
W. Fisher, L. T. Robinson, 

H. M. Hobart, E. B. Rosa, 

F. B. Jewett, C. E. Skinner, 

P. и М. Smith, 

С. Knight, G. Stott, 

W. L. Merrill, . Thomas 


and the Chairman of the Code Committee, ех- 
o ficio. 
CODE COMMITTEE. 


Farley Osgood, Chairman, 
763 Broad Street, Newark, N. J. 


W. A. Del Mar, uller, 

. C. Forsyth, н. К. Sargent. 

. В. Gear, А. М. Schoen, 
Н. О. Lacount, George F. Sever, 
Kempster B. Miller, C.E. Skinner, 


~ 


LAW COMMITTEE. 


G. H Stockbridge, усы 
165 Broadway, New York. 
Charles L. Clarke, Paul Spencer, 
C. E. Scribner, Charles A. Terry. 


SPECIAL COMMITTEES 


Revised to June 1, 1915 


POWER STATIONS COMMITTEE. 


H. G. Stott, Chairman, 

600 West 59th Street, New York. 
W. S. Gorsuch, C. S. MacCalla, 
J. H. Hanna, R. L S. Pigott, 
C. A. Hobein, E. Scattergood, 
A. S. Loizeaux, Paul Spencer, 


C. F. Uebelacker. 
TRANSMISSION COMMITTEE. 


P. H. Thomas, Chairman, 

2 Rector St., New York. 
E. J. Berg, V. D. Moody, 
P. M. Downing, F. D. Nims, 
A. R. Fairchild, F. W. Peek, Jr., 
В. A. Gaby, Harold Pender, 
L. E. Imlay, K. C. Randall, 
L. R. Lee, C. S. Ruffner, 
G. H. Lukes, F. D. Sampson, 
SA DH D. Mershon, P. W. Sothman, 
W Mitchell, C. E. Waddell, 

. E. Woodbridge. 


RAILWAY COMMITTEE. 


D. C. Jackson, Chairman, 

248 Boylston Street, Boston, Mass. 
А. H. Armstrong, E. B. Katte, 
A. H. Babcock, Pau! Lebenbaum, 
E. J. Blair, W. S. Murray, 
H. M. Brinckerhoff, Clarence Renshaw, 
E. P. Burch, A. S. Richey, 
H. M. Hobart, F. J. Sprague. 

N. W. Storer. 


PROTECTIVE APPARATUS COMMITTEE. 


E. E. P. Creighton, Chairman, 
Union University, Schenectady, N. Y. 


H. H. Dewey, Lawson. 

Louis Elliott, . B. Merriam, 
Victor H. Greisser, L. С; Dio nolon, 
Ford W. Harris, E. P. 

S. Q. Hayes, N. L. Pollard, 

Fred L. Hunt, O. O. Rider, 

L. E. Imlay, D. W. Roper, 

R. P. Jackson, Charles P. Steinmets, 


H. R. Woodrow, 


ELECTRIC LIGHTING COMMITTEE. 


Clayton H. Sharp, Chairman, 
556 East 80th St., New York. 


. W. Cowles, . S. Perkins, 

. P. Hyde, S. G. Rhodes, 
P. Junkersfeld, E. B. Rosa, 
А. S. Loizeaux, G. H. Stickney, 
H. W. Peck, C. W. Stone. 


INDUSTRIAL POWER COMMITTEE. 


D. B. Rushmore, Chairman, 
General Electric Company. Schenectady, N. Y. 
A. C. Eastwood, А. S. McAllister, 


Walter A. Hall, . P. Mallett, 

J. M. Hipple, . H. Martindale, 
G. H. Jones, W. L. Merrill, 

C. D. Knight, J. A. Osborn, 

J. C. Lincoln, A. G. Pierce, 
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TELEGRAPHY AND TELEPHONY 
COMMITTEE. 
C. E. Scribner, Chairman, 


463 West Street, New York. 
Minor M. Davis, Kempster B. Miller, 


C. L. Fortescue, H. Mouradian. 
H. M. Friendly, W. O. Pennell, 
A. H. Griswold, F. L. Rhodes, 
F. B. Jewett, ohn B. Taylor, 
S. M. Kintner, . L. Wavne. 
William Maver, Jr., G. M. Yorke. 


COMMITTEE ON 
USE OF ELECTRICITY IN MINES. 
Wilfred Sykes, Chairman, 


Box 242, East Liberty, Pa. 
В. E. Alexander, M. H. Gerry. Jr.. 


C. W. Beers, Charles Legrand, 

W. W. Briggs, K. A. Pauly, 

Graham Bright, G. B. Rosenblatt, 
B. T. Viall. 


COMMITTEE ON USE 
OE ELECTRICITY IN MARINE WORK. 


C. S. McDowell, Chairman, 
Navy Yard, New York. 


Maxwell W. Day, O. P. Loomis, 

W. L. R. Emmet, D. M. Mahood. 
F. C. Hanker, G. A. Pierce. ]т., 
H. L. Hibbard, H. M. Southgate, 
Guy Hill, Elmer A. Sperry, 
H. A. Hornor, F. W. Wood. 


IRON AND STEEL INDUSTRY COMMITTEE. 


J. C. Reed, Chairman, 
2635 South 2nd Street, Steelton, Pa. 


В. B. Crosby, C. T. Henderson, 
A. C. Dinkey, F. Hodgkinson, 
Gano Dunn, B. G. Lamme, 

A. C. Eastwood, K. A. Pauly, 

F. G. Gasche, J. L. Woodbridge. 


ELECTROCHEMICAL COMMITTEE. 


A. F. Ganz, Chairman, 
Stevens Institute, Hoboken, N. J. 
Lawrence Addicks, E. F. Price, 
C. F. Burgess, C. G. Schluederberg, 
Carl Hering, L. L. Summers, 
W. R. Whitney. 


ELECTROPHYSICS COMMITTEE. 
J. B. Whitehead, Chairman, 


Johns Hopkins University. Baltimore, Md. 


Frederick Bedell, E. L. Nichols, 
H. L. Blackwell, E. B. Rosa, 
L. W. Chubb, H. J. Ryan, 


W. S. Franklin, H. Clyde Snook. 


COMMITTEE ON RECORDS AND 
APPRAISALS OF PROPERTIES. 


William B. Jackson, Chairman, 

111 W. Monroe Street, Chicago, Ш. 
Philander Betts, W. J. Norton, 
William H. Blood, Jr., C. L. Pillsbury. 
Fred A. Bryan, H. Spoehrer. 

C. L. Cory, W. G. Vincent, 
Henry Floy, Clifton W. Wilder. 


EDUCATIONAL COMMITTEE. 


. Karapetoff, Chairman, 

Cornell University, Ithaca, N. Y. 
. J. Berg. A. S. Langsdorf, 
. L. Bishop. C. E. Magnusson. 
. R. Dooley, Charles F. Scott. 
. A. Hoadley, P. B. Woodworth. 


Qo ww < 
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PUBLIC POLICY COMMITTEE. 


Cavert Townley, Chairman. 
165 Broadway, New York. 
William McClellan, Vice-Chairman, 
141 Broadway, New York. 


H. W. Buck. H. A. Lardner, 

Fredk. Darlington, E. W. Rice, Jr., 
Gano Dunn, L. B. Stillwell, 

John H. Finney, H. G. Stott. 


PATENT COMMITTEE. 


Ralph D. Mershon, Chairman, 

80 Maiden Lane, New York. 
Bion J. Arnold, E. S. Northrup. 
C. S. Bradley, O. S. Schairer, 
Val. A. Fynn, C. E. Scribner, 
John F. Kelly, P. J. Sprague, 

Terry, 


MEMBERSHIP COMMITTEE. 


H. D. nee Chairman, 
W. Е. and M. Company, East Pittsburgh, Pa. 
Markham Cheever, G. Jones, 


E. L. Doty. S. C. Lindsay, 
Walter À. Hall, Herbert S. Sands, 
Max Hebgen, M. S. Sloan, 

H. A. Hornor, W. S. Turner, 


P. B. Woodworth. 


HISTORICAL MUSEUM COMMITTEE. 


T. C. Martin, Chairman, 

29 West 39th Street, New York. 
John J. Carty, E. W. Rice, Jr.. 
Charles L. Clarke, Charles F. Scott, 
Louis Duncan, Frank J. Sprague. 


` U. S. NATIONAL COMMITTEE OF THE 
INTERNATIONAL 
ELECTROTECHNICAL COMMISSION 


C. O. Mailloux, President, 
20 Nassau Street, New York. 
F. B. Crocker, Vice-President, 
14 West 45th Street. New York. 
A. E. Kennelly, Secretary, 
Harvard University, Cambridge, Mass. 
E. A. Adams, E. B. Rosa, 


. A. Behrend, C. P. Scott, 
Louis Bell, Clayton H. Sharp, 
Jame Burke, Samuel Sheldon, 

. J. Carty, C. E. Skinner, 
Gano Dunn, Charles P. Steinmets, 
H. M. Hobart H. G. Stott, 
John W. Lieb, Elihu Thomson, 


Philip Torchio. 


COMMITTEE ON RELATIONS OF CON- 
SULTING ENGINEERS. 


L. B. Stillwell, Chairman, 

100 Broadway, New York. 
H. W. Buck, P. R. Ford, 
Gano Dunn, F. N. Waterman. 


COMMITTEE ON CODE OF PRINCIPLES 
OF PROFESSIONAL CONDUCT. 


George F. Sever, Chairman, 
13 Park Row, New York. 
H. W. Buck. John F. Kelly, 
Gano Dunn. Schuyler Skaats Wheeler 


COMMITTEE ON HAZARDS FROM 
LIGHTNING 

Баса Th uson. Charman, 

Swampscott, Mass. 
А.Е Kenselly, Secretary 

Harvard University. Cambridge, Mass. 
Comfort A. Adams nuts Вей, 

Dugald C. Jackson. 
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NEW YORK RECEPTION COMMITTEE. 
Frederick C. Bates, Chairman, 
30 Church Street, New York. 
H. H. Barnes, Jr., Angus K. Miller, 


Edward Caldwell, F. A. Muschenheim, 
N. A. Carle, Farley Osgood, 

W. G. Carlton, Pratt, 

W. A. Del Mar, W. S. Rug 

A. F. Ganz, George F. re 


Frank W. Smith, 
P. W. Sothman, 


Bancroft Gherardi, ` 
E. W. Goldschmidt, 


C. A. Greenidge, S. D. Sprong, 

A. H. Lawton, H. G. Stott, 

Това W. Lieb, H. M. Van Gelder, 
. R. Livingston, . M. Wakeman, 

W. E. McCoy, alter F. Wells. 


William Maver, Jr., Clifton W. Wilder. 
EDISON MEDAL COMMITTEE. 
Appointed by President for terms of five years. 


Term expires July 31, 1919. 


Charles F. Brush, William Stanley, 
N . Storer. 


Term expires July 31, 1918. 


H. W. Buck, F. A. Scheffler. 
J. Franklin Stevens, š 
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Term expires July 31, 1917. 
A. E. Kennelly, Robert T. Lozier, 
S. G. McMeen. 


Term expires July 31, 1916. 
Ralph D. Mershon. Frank J. Sprague, 
Schuyler Skaats Wheeler, Chairman, 
Ampere, N. J. 
Term expires July 31, 1915. 
J. W. Lieb, E. L. Nichols. 
Elihu Thomson, 


Elected by the Board of Directors from tts own 
membership for terms of two years. 


Term expires July 31, 1916. 
C. O. Mailloux, L. T. Robinson. 
C. E. Scribner, 
Term expires July 31, 1915. 


H. H. Barnes, Jr., А. S. McAllister. 
William McClellan, 


Ex-Officio. 
P. M. Lincoln, President. 
вое A. Hamilton, Treasurer. 
. L. Hutchinson, Secretary. 


INSTITUTE REPRESENTATIVES 


ON BOARD OF AWARD, JOHN FRITZ MEDAL 


Gano Dunn, C. O. Mailloux, 
Ralph D. Mershon, Paul M. Lincoln. 


ON BOARD OF TRUSTEES, UNITED EN- 
GINEERING SOCIETY. 


C. E. Scribner, H. H. Barnes, Jr., 
ano Dunn. 


ON LIBRARY BOARD OF UNITED EN- 
GINEERING SOCIETY. 


Samuel Sheldon, Harold Pender, 
B. Gherardi, W. I. Slichter, 
F. L. Hutchinson. 


ON ELECTRICAL COMMITTEE OF NA- 
TIONAL FIRE PROTECTION ASSOCIATION. 


The chairman of the Institute's Code Committee, 


ON ADVISORY BOARD OF AMERICAN 
YEAR-BOOK. 


Edward Cald well. 


ON ADVISORY BOARD, NATIONAL CON- 
SERVATION CONGRESS. 


Calvert Townley. 


ON COUNCIL OF AMERICAN ASSOCIATION 
FOR THE ADVANCEMENT OF SCIENCE. 


W. S. Franklin, G. W. Pierce. 


ON CONFERENCE COMMITTEE OF NA- 
TIONAL ENGINEERING SOCIETIES. 


Calvert Townley, William McClellan. 


ON JOINT COMMITTEE ON ENGINEERING 
EDUCATION. 


Charles F. Scott, Samuel Sheldon. 


ON AMERICAN ELECTRIC RAILWAY AS- 
SOCIATION’S COMMITTEE ON JOINT USE 
OF POLES. 


F. B. H. Paine, 
homas. 


Parley Osgood, 
Percy H. T 


ON NATIONAL JOINT COMMITTEE ON 
OVERHEAD AND UNDERGROUND LINE 
CONSTRUCTION. 


Farley Osgood, _ F. B. H. Paine, 
Percy H. Thomas. 


NATIONAL COMMITTEE ON 
ELECTROLYSIS. 
F. N. Waterman, 
Paul Winsor. 


ON JOINT 
Bion J. Arnold, 


ON BOARD OF MANAGERS, PANAMA- 
PACIFIC INTERNATIONAL ENGINEERING 
CONGRESS, 1916. 

A. M. Hunt, J. T. Whittlesey. 
And the President and Secretary of the Institute. 


ON JOINT COMMITTEE ON LEGISLATION 
RELATIVE TO REGISTERING ENGINEERS. 
William McClellan, S. D. Sprong. 


ON ENGINEERING SECTION, SECOND 

PAN-AMERICAN SCIENTIFIC CONGRESS 
John H. Finney, . L. Hutchinson, 
Percy H. Thomas, John B. Whitehead. 


LOCAL HONORARY SECRETARIES. 
Guido Semenza, N. 10, Via S. Radegonda, Mion, 
taly. 
Robert Julian Scott, Christchurch, New Zealand 
T. P. Strickland, N.S.W. Government rauga 
Sydney, N. S. W. 
L. А. Herdt, McGill Univ.. Montreal Que. 
Henry Graftio, Petrograd, Russia. 
Richard O. Heinrich, Genest-str. 5 Schoeneberg, 
erlin, Germany. 
A. S. Garfield, 67 Avenue de Malakoff, Paris, 
France. 
Harr ее Gibbs, Tata Hydroelectric Power 
ply Co. Ltd., Bombay, India. 
John w "Kirkland. Johannesburg, South Africa. 


ON U. S. NATIONAL COMMITTEE OF THE 
INTERNATIONAL ION UN COM- 


SSION. 
A. E. Kennelly, C. O. Mailloux, 


Clayton H. Sharp. 
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Name and when Organized. 


Atlanta............... Jan 
Baltimore............. Dec 
Boston . Feb. 
Сһісафо.................... 
Cleveland.............Sept 
Detroit-Ann Arbor...... Jan. 
Fort Wayne........... Aug. 
Indianapolis-Lafayette . Jan. 
Ithaca................ Oct. 
Los Angeles........... May 
Буи: eee els Aug 
табор ысы аа mE Тап 
Мехісо............... Dec 
Milwaukee............ Feb 
Minnesota............ Apr 
wu nek ФАРСЫ a td Oct 
Philadelphia........... Feb 
Pittsburgh............ Oct 
Pittsfield.............. Mar 
Portland, Ore.......... May 
Rochester............. Oct. 
St. Louis............. Jan 
San Francisco.......... Dec 
Schenectady........... Jan 
Seattle............ o... Jan 
Spokane.............. Feb 
Toledo................ June 
Toronto............... Sept 
Urbana............... Nov 
Vancouver............ Aug 


Total 31 


. 1h 


19, ' 


. 18, 


Name and when Organized. 


Agricultural and Mech. 


College of Texas..... Nov. 


Alabama, Univ. of...... 


Arkansas, Univ. of..... Mar. 


Armour Institute....... Feb. 
Bucknell University..... May 
California Univ. of..... Feb. 
Cincinnati, Univ. of..... Apr. 
бошоп Agricultural Col- 

lege................ Nov. 
Colorado State Agricul- 

tural College.........Feb. 


8, 
11, 


PROCEEDINGS OF А. Г.Е. Е. 


[June 


LIST OF SECTIONS 


Revised to June 1, 1915. 


Chairman 


A. M. Schoen 

J. B. Whitehead 

G. W. Palmer, Jr. 
E. W. Allen 

E. H. Martindale 
H. H. Norton 

L. D. Nordstrum 
J. L. Wayne, 3rd. 


E. L. Nichols 
G. Pyle 


C 

W. H. Pratt 
J. W. Shuster 
L. L. Tatum 
E. T. Street 


ee Rowe 
anville 


J. W. Welsh 
W. W. Lewis 
R. В. Monges 


John C. Parker 
S. N. Clarkson 


C. J. Wilson 
H. M. Hobart 
S. C. Lindsay 


J. W. Hungate 
George E. Kirk 


D. H. McDougall 
I. W. Fisk 

E. P. LaBelle 

C. B. Mirick 


Secretary. 


H. M. Keys, Southern Bell Tel. & Tel. Co., 


Atlanta, Ga. 
L. M. Potts, Industrial Building, Balti- 
more, Md. 
п М. Cushing, 84 State St., Boston, Mass. 
. Norton, 112 W.Adams St. Chicago, ПІ. 
i ph Beaman, Cleveland, Ohio. 


Ray K. Holland, Cornwell Building. Ana 
Aron Mich 
J. А. Snook, 927 Organ Avenue, Ft. 
Jayne, Indiana. 
Walter A. Black, 3042 Graceland Ave., In- 
dianapolis, Ind. 
W. G. Catlin, Cornell Univ., Ithaca, N. Y. 
Edward Woodbury, Pacific Lt. & Pr. Com- 
p pany. Los Angeles, Cal. 
Hall, General Electric Co., Lynn, Mass. 
P: A. Kartak, Univ. of Wisconsin. Madison 
is. 


W. J. Richards, National Brake and Elec- 


tric Co., Milwaukee, Wis. 
Walter C. Beckjord, St. Paul Gas Light 
Co., St. Paul, Mion. 


а ton J. Embree, Balboa Heights, С. Z. 
eee 1115 North American Bidg., 
Wohi adelphia, Pa. 
Charles R. Riker, Electric Journal, Pittse 
burgh, Pa. 
M. E. Tressler, General Electric Company, 
Pittsfield, Mass. 
Paul Lebenbaum, 45 Union Depot, Port- 
land, Ore. 
O. W. Bodler, Pittsford. N. Y. 
W. O. Pennell, Southwestern Bell Tel. 
ЖО n St. Louis, Mo. 
Jones, 811 Rialto Building, San Fran 
cisco, Cal. 
S. ч Стево, Gen. Elec. Co. Schenectady, 


E. A. Loew. University of Washington, 
Seattle, Wash. 
L. N. Rice, Spokane and Inland Empire R. 
R. Co., Spokane, Wash. 
Max Neuber, Cohen, Friedlander & Mar- 
tin, Toledo, O. 
E "Case, Continental Life Bldg., Toronto. 
nt. 
x S. Biegler, ga of Illinois, Urbana, Ill. 
C. Auty, B. C. Electric Railway Co., 
T Vancouver, B. 
C. A. Peterson, 1923 Vermont Ave., N. W. 
Washington, D. C. 


LIST OF BRANCHES 


Chairman 


J. F. Nash 

W. M. Johnston 
D. C. Hopper 
W. L. Burroughs 
R. K. Hoke 

J. V. Kimber 

Р. Oberschmidt 


W. E. Blake 
G. M. Strecker 


Secretary. 


A. Dickie, A. & M. College, College Sta- 


tion, Texas. 


L. M. Smith, 
J.E Bart Ala. 
eet Univ. of Arkansas, Fayetteville, 


ae 

Chester Р. Wright, 3341 Michigan Boule- 
vard, Chicago, Ш. 

George A. Irland, Bucknell University, 
Lewisburg, Pa. 

H. A. Mulvaney, 1521 Hopkins Street. 
Ае 50187, Cal. 
. C. Perry, 707 East McMillan Street, 
оса О. 


F. L. Bunker, Clemson College, S. С. 


E. O. Marks, Colorado State Agricul- 
tural College, Fort Collins, Colo. 


1915) 


INSTITUTE AFFAIRS 


LIST OF BRANCHES—Continued. 


Name and when Organised. 


Colorado, Univ. of...... Dec. 
G School of Tech- 
nology.............. June 
Highland Park College. . Oct. 
Idaho, University оѓ... . June 
Iowa State College... . .. Apr. 


Iowa, Univ. of..........May 
Kansas State Agr. Col.,..Jan. 


Kansas, Univ. of....... Mar. 
Kentucky State, Univ. ofOct. 
Lafayette College....... Apr 
Lehigh University...... Oct 
Lewis Institute......... Nov 
Maine, Univ. of........ Dec 
Michigan, Univ. of...... Mar 
Missouri, Univ of.,...... Jan 
Montana State Col.,. ... May 
Nebraska, Univ. of..... Apr. 
Norta бегиш Col. of ке 19 
and Mech. Arts...... b. 
North Carolina, Univ. of Oct. 
Ohio Northern Univ... Feb. 
Ohio State Univ.,...... . Dec 
ORNA As Agricultural d 
Okiahoma, Univ. of... . .Oct. 
Oregon, Agr. Col.,...... Mar. 
Penn State College.. .. .Dec. 
Pittsburgh, Univ. of.,... . Feb. 
Purdue Univ.,.......... an 


Rensselaer Poly. Inst..... 


Rose Polytechnic Inst., Nov. 
Rhode Island State Col. Mar. 


Syracuse Univ... 1.2 Feb. 
Texas, Univ. 04.,... . Feb. 
Throop amis of Tech- 
nology.............. Oct. 
es, 
Virginis, Univ. of....... eb. 
Wash. State Col. of... . Dec. 
Washington Univ...... . Feb. 
Washington, Univ. of.,..Dec. 
West Virginia Univ..... . Nov. 
Worcester Poly. Inst.,... Mar. 
Yale University. ....... Oct 


16, 


25, 


Chairman 


R. A. Clay 
Clyde Prussman 
E. R. Hawkins 


Roscoe Schaffer 


L. V. Fickle 
Ray Walker 
Harry Y. Barker 
R. McManigal 


`A. F. Hess 


A. H. Fensholt 
Н.Н. Beverage 
H. A. Enos 

E. W. Kellogg 
John M. Fiske 
Olin J. Ferguson 
Б: H. Daggett 
R. E. Lowe 
Leslie J. Harter 


J. C. Woodson 
C. K. Karcher 
W. R. Grasle 


W. L. Kirk 
G. W. Flaccus 


ray 
W. J. We Willems 
Warren F. Turner 


Charles E. Seifert 


А. B. Stewart 
W. P. Graham 


J М. Bryant 

R. S. Ferguson 
M. F. Peake 

W. S. Rodman 
M. K. Akers 

C. C. Hardy 

H. W. McRobbie 
H. C. Schramm 
Frank Aiken 
Vonder Smith 


Secretary 


Philip S. Borden | Charles S. Miller, University of Colorado, 


Boulder, Colo. 


. M. Reifsnyder, Jr.. Georgia School 
of Technology, Atlanta, Ga. 


R alph R. Chatterton, Highland Park Col- 


lege, Des Moines, Iowa. 
C. L. Rea, University of Idaho, Moscow. 
Idaho. 
F. A. Robbins, Iowa State College, Ames, 


owa. 
A. H. Ford, University of Iowa, Iowa City, 


Iowa. 

Clarence E. Reid, Kansas State Agric. 
Col., Manhattan, Kan. 

Ernest Arnold, Univ. of Kansas, Lawrence, 
Kansas. 

G. F. Campbell, a South Limestone 
Street, Lexington, K у. 

W. J. English, Jr.. Lafayette College, 

Easton, 

R. W. Wiesman., Lehigh University, South 
Bethlehem, Pa. 

sed A. Rogers, Lewis Institute, Chicago, 


W. E. Bowler, University of Maine, Orono, 


Maine. 

H. W. Stubbs, University of Michigan, 
Ann Arbor, Mich. 

K. Atkinson, University of Missouri, 
Columbia, Mo. 

J. A. Thaler, Montana State College, 
Bozeman, Mont. 

V. L. Hollister, Station A. Lincoln, Nebr. 


E. A. Hester, West Raleigh, N. C. 

J. W. Mclver, University of North Caro» 
lina, Chapel Hill, N. C. 

W. F. Schott, 426 South Union Street, 


Robert C. Schott, 38 14th Avenue, 
Columbus, Ohio. 


W. C. Lane, Oklahoma A. and M. College, 
Stillwater, Okla. 

W. Miller Vernor, Univ. of Oklahoma, 
Norman, Okla. 

Winfield Eckley, Oregon Agric. Col., 
Corvallis, Ore. 

A. C. Horst, State College, Pa. 

Ralph C. Zindel, University of Pittsburgh, 
Pittsburgh, Pa. 

R. E. Tafel, Purdue Univ., Lafayette, Ind. 

S. N. Galvin, Rensselaer Polytechinic In- 
stitute, Troy, N. Y. 

F. Edward Bundy, 1103 N. 8th Street, 
Terra Haute, Ind. 

Frank A. Faron, Rhode Island State Col- 
lege, Kingston, R. 

H. J. Rathbun, Stanford University. Cal. 

R. A. Porter, Syracuse University, Буза. 
cuse, N. Y. 

J. Т: онер University of Texas, Austin, 


W. %. Holmes, Throop Poly. Institute, 
Pasadena, Cal. 

J. R. Murphy, Virginia Polytechnic Insti- 
tute, Blacksburg, Va. 

H. Anderson, Jr., 1022 West Main St., 
Charlottesville, Va. 

V. Carpenter, State Coll. of Wash., 
‘Pullman, Wash. 

Charles P. Seeger, Washington University, 
St. Louis, Mo. 

B. B. Бесе Univ. of Washington, 
Seattle, W 
Ls Walker. West Virginia Univ., Mor- 
'gantown, . Va. 

A. B. R. Prouty, Worcester Poly. Inst., 
Worcester, Mass. 


Digitized by Google 


SECTION Il 


PROCEEDINGS 


of the 


American Institute 


of 


Electrical Engineers 


Papers, Discussions and Reports 


Digitized by OOQ le 
& 7 


CONTENTS OF SECTION II 


PAPERS TO BE PRESENTED AT 32nd ANNUAL CONVENTION, DEER PARK, 
JUNE 29—JULY 2, 1915. 

Irregular Wave Forms: 
Part I—Form Factor and Its Significance, by Frederick Bedell, assisted by R. 
Bown and H. A. Pidgeon - - - - - - - - - - 
Part II—Distortion Factors, by Frederick Bedell, assisted by В. Bown and С. L. 
Swisher - - - - - - - - - - - - - 
Part III—An Analytical and Graphical Solution for Non-Sinusoidal Alternating 
Currents, by F. M. Mizushi - - - - - - - - - 


Electricity іп Grain Elevators, by H. E. Stafford - - - - - - - 
Fields of Motor Application (Topical Discussion) Бу О. В. Rushmore - - - 
The Measurement of Dielectric Losses with the Cathode Ray Tube, by John P. 
Minton - - - - - - - - - - - - - 
Foundations for Transmission Line Towers and Erection of Towers—A Symposium: 
Part I—J. A. Walls - - - - - - - - - - - 
Part II— J. B. Leeper - - - - - - - - - - - - 
Part III— W. E. Mitchell - - - - - - - - B - u 
Part IV—P. M. Downing - - - u - - B - - - - 
Calibration of Current Transformers ” Means of Mutual Inductances, by Charles 
L. Fortescue - - - - - - - - - - - - 
The Induction Watt-Hour Meter, by V. L. Hollister - - - - 
Third Rail and Trolley System of the West Jersey and акын inks, by J. У. В. 
Duer - - - - - - - - - - - - - - 
Construction and Maintenance Costs of Overhead Contact Systems. 
Part I—by E. J. Amberg - - - - - - - - - - 
Part II—by Ferdinand Zogbaum - - - - - - - - 


Unprotected Top-Contact Rail for 600-Volt Traction System, by Charles H. Jones - 
Contact System of the Southern Pacific Company—Portland Division, by Paul 
Lebenbaum - - - = - T = Р = = š © = 


Discussion on “ Protective Reactors for Feeder Circuits of Large City Power Systems” 
(Lyman, Perry and Rossman), and “ Use of Reactance with Synchronous Con- 


verters " (Yardley) New York, October 9, 1914 - - - - - - 
Discussion оп * The Corona Produced by Continuous Potentials " (Farwell) New 
York, November 13, 1914 - - - - - - - = - = 


Discussion on “ Effect of Altitude on the Spark-Over Voltages of Bushings, Leads 
and Insulators ” (Peek), and “ Insulator Depreciation and Effect on Operation ”’ 
(Austin) New York, December 11, 1914 - - - - - - - 


Board of Directors Report for Fiscal Year Ending April 32, 1915 - - - - 


MD., 


1051 
1059 
1075 
1087 
1105 
1115 
1167 
1179 
1187 
1193 


1199 
1217 


1237 
1255 
1267 
1283 


1295 


1309 


1323 


1328 


1351 


To be presented at the 32d Annual Convention of 
the American Institute of Electrical Engineers, 
Deer Park, Md., June 29, 1915. 


Copyright 1915. By A. I. E. E. 
- (Subject to final revision for the Transactions.) 


I—FORM FACTOR AND ITS SIGNIFICANCE 


BY FREDERICK BEDELL 
ASSISTED BY R. BOWN AND H. A. PIDGEON 


ABSTRACT OF PAPER 


Form factor is significant in the study of transformer losses; 
as is well known, hysteresis loss is small when the form factor 
is large and vice versa. Every wave shape has a definite value 
of form factor; but the converse is not true, for a particular 
value of form factor does not indicate a particular wave shape. 
A wave may contain a third harmonic equal to seventy five per 
cent. of the fundamental and still have the same form factor as 
a true sine wave. Form factor, therefore, has no general signifi- 
cance as an indicator of wave form or wave distortion. 

A general expression for form factor is derived in terms of 
the relative amplitudes and phase positions of its harmonic 
components; curves are drawn showing the variation of form 
factor with the amplitude and phase of the third harmonic. 

Various wave forms are shown, very unlike in appearance, 
having the same form factor. 


ORM factor, f, is the ratio of the r.m.s. value to the average 
value of an alternating quantity for half a period. The 
quantity to which form factor refers is usually an alternating 
electromotive force, in which case f = E + Egy. Each particular 
wave shape has a definite form factor and so to a certain extent 
form factor indicates the shape of a wave and its departure from 
a true sine wave. Thus, a sine wave has a form factor 1.1107; 
a flat wave has a lesser form factor and a peaked wave a greater. 
If the converse were true and a particular value of form factor 
indicated one particular wave shape, the form of a wave could 
be accurately defined in terms of form factor, but, as will be seen 
later, this is far from being the case. 

It is true that, for certain purposes, the value of form factor is 
significant, as for example in the determination of transformer 
losses. Hysteresis loss in a transformer depends upon the maxi- 
mum value of the magnetic flux. But, inasmuch as the flux 
ф is determined by the relation ф х f edi, the maximum value 


Manuscript of this paper was received April 9, 1915. 
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of the flux is proportional to the average value of e and hence to 
the r.m.s. value divided by form factor; that is 


Q, T| = (Е + f) X constant!. 


If a transformer 1$ operated at a specified r.m.s. voltage from 
supply circuits having different voltage wave shapes, the maxi- 
mum flux and hence the hysteresis loss will, accordingly, have 
different values for different form factors, becoming greater as 
the form factor becomes less and vice versa. It is well known 


FORM FACTOR, f 


60 


PHA С AR 


Fic. 1 - 


LE 9. 


that a transformer operates less efficiently on а flat wave than оп 
a peaked wave. 

If the r.m.s. voltage, E, is increased or decreased in direct 
proportion to form factor, so that the average voltage, E/f, 
remains constant, the hysteresis loss in the transformer remains 
unchanged and this fact is made use of in the determination of 
transformer losses оп a sine-wave basis. For this purpose, the 
value of form factor can be ascertained by measuring the r.m.s. 


1. This constant is 108, when E is in volts, divided by 4 X frequency 
X cross section of iron in square centimeters X number of turns embrac- 
ing it. 
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voltage by an ordinary voltmeter and the average voltage by 
means of a commutator? and d. c. voltmeter. To make simple 
the determination of hysteresis loss on a sine wave basis, without 
the necessity of determining the value of form factor, a special 
iron-loss voltmeter? has been devised Бу L.W. Chubb. An ad- 
vantage in the use of this instrument is that it corrects for small 
variations in frequency as well 
as in wave form so as to give the 
loss for a standard frequency 
and sine wave form; a small 
error may be introduced, how- 
ever, by the fact that eddy cur- 
rent loss and hvsteresis loss do 
not follow the same law. 

As has bcen shown, hysteresis 
loss depends in a very definite 
manner upon form factor which, 
accordingly, im this connection 
has a definite and useful signifi- 
cance. In general, however, form 
factor has no useful significance 
as an indication of the shape of 
a wave or its departure from a 
sine wave; in fact an irregular 
wave may have a third har- 
monic as large as 75 per cent of 
the fundamental and, if the har- 
monic is in the proper phasc, as 
wil be shown, still have the 
same form factor as a pure sine 
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Fic. 2 An alternating wave is made 


up of a fundamental sine wave 
and harmonics with frequencies that are odd multiples of the 
fundamental frequency. The form factor of a complex wave 
depends not only upon the amplitude of these harmonics but upon 


2. See, Lloyd and Fisher, ‘‘ An Apparatus for Determining the Form 
of a Wave of Magnetic Flux,” Bulletin Bureau of Standards, Vol. 4. p. 467. 
1908; F. Bedell, The Use of the Synchronous Commutator in Alternating 
Current Measurements, Journal Franklin Institute, p. 385. Oct., 1913. 

3. Method of Testing Transformer Core Losses, Giving Sine-wave 
Results on a Commercial Circuit, A.I.E. E. TRANSACTIONS, Vol, 28, p. 417, 
1909. See also pp. 432-473. 
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their relative phase positions. The exact value of form factor 
is determined as follows: 

Let Ei, Ез, Ер, ete., be the r.m.s. values of the several har- 
monics. The r.m.s. value of the total voltage wave is 


Е = (Еп + ЕР + ЕР+. . .)1⁄2 


This comes from the well-known r.m.s. principle‘ that the r.m.s 
value of any alternating quantity is the square root of the sum of 
the squares of its harmonic components, irrespective of their 
phase positions. 4 

To find the average voltage, let the instantaneous voltage be 


e = Eimaz біп X + Ёз maz Sin 3(x + 0з) + Eg maz Sin 5(х + 04) 
+ .., where xis a variable proportional to time; x = wt. 


1 * 1 т 
Es = if edx = — F Ес 1 


- H3 E3maz cos З (x + | —.. 


т 
0 


2 1 1 
= т. Erra + -3 Esmaz COS 30; + p Es maz cos 5 0; "e ... 27) 
la 
= ТУ (E, + Escos 305+ ....) 


The form factor is, accordingly 


2 2 1/2 
qus = = 11197 E: TOES B1) 


(Eat - Ез cos 30s +. 5 


Іп this equation E;, Es, etc., may represent either r.m.s. or 
maximum values. 

In the following discussion the effect of the third harmonic only 
wil be considered. Corresponding results for any other har- 
monic may be obtained in a like manner and will vary with the 
order of the harmonic; but in view of the results here shown and 


4. A proof of this principle is given on p. 391, “ The Principles of the 
Transformer,” 1896, by F. Bedell. 


1915] BEDELL: FORM FACTOR 1055 


the fact that the results for any other harmonics would obviously 
be of the same character, such a laborious study does not seem 
worth while. | 

It is seen that form factor varies with the phase as well as with 
the amplitude of the third harmonic; that is, in the preceding 
equation there are three variables, Ёз, бу and f. Figs. 1, 2 and 3 
are plotted by assigning constant values to each one of these 
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three variables in turn and evaluating the equation so as to obtain 
the law of variation between the other two variables. Each 
figure will be discussed separately; it will be seen, however, that 
the remarks made in connection with any one figure apply to 
all. 

In Fig. 1, each curve shows the variation of form factor with 
the phase angle Өз, of the third harmonic when the harmonic 
has a definite value, namely, 0, 0.01, 0.10, 0.20, 0.30, 0.33, 0.50, 
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0.75 and 1.00 times the fundamental. The variation of 0, from 
0° to 120° represents all possible values, for beyond these limits 
the curves repeat themselves. 

When Е; = 0, f = 1.1107 for all values of 63. When E3>0.75, 
f > 1.1107 for all values of 63. When E, < 0.75 (the usual 
case), f may be greater or less than 1.1107, according to the value 
of Os. 


Fic. 4—VARIATION OF FORM FACTOR WITH AMPLITUDE AND 
PHASE OF THIRD HARMONIC 


The maximum value of f occurs when 0s = 60 deg. and this 
maximum is infinite? when Ёз = 3.00. 

The minimum value of form factor occurs when 63 = 0 deg. or 
120 deg., and the lowest value of this minimum is 1.0537 when 
Еу = 0.331. Тһе minimum value is 1.1107 when E, = 0.75, 
and is greater than 1.1107 when E; » 0.75. 


5. When Es > 3, the value of f passes through infinity for two values 
of Өз, one greater and one less than 60 deg. 
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Fig. 2 shows the variation of form factor with the amplitude 
of the third harmonic, when 0; is 0 deg., 10 deg., 20 deg., 30 deg., 
40 deg., 50 deg. and 60 deg. As in Fig. 1, it is seen that, when 
Es = 0, f = 1.1107. When E; < 0.75, f < 1.1107 for small 
phase angles. The minimum value of f is 1.0537. 

In Fig. 3, each curve is drawn for a constant form factor and 
shows the corresponding relation between Es and Өз. The heavy 
curve is drawn for f — 1.1107, corresponding to a sine wave of 


Fic. 5—WavEs WITH FORM Fic. 6—W AvES WITH FORM 
Factor, f =1.1107 Factor, f =1.08 


electromotive force; Еҙ may have any value between 0.75 (when 
0, = 0 deg. or 120 deg.) and zero. If either E, > 0.75 or 0, > 
30 deg., f > 1.1107. A form factor less than 1.1107 is obtained 
only when E; < 0.75 and 0; < 30 deg. or 0; > 90 deg.; for these 
cases there are two values of E; for each value of Өз. The curves 
shrink to a single point when f has its minimum value, 1.0537, 
corresponding to Es = .331 and 0; = 0 deg. ог 120 deg. 

Fig. 4, drawn in isometric projection, shows the variation of 
form factor with both Es and Өз. Cross sections of Fig. 4, taken 


1058 BEDELL: FORM FACTOR [June 29 


parallel to each pair of axes in turn, would give curves as shown in 
Figs. 1, 2 and 3. | 

To see whether or not there is any similarity of appearance in 
wave shapes that have the same form factor, Figs. 5, 6 and 7 were 
drawn by H. Papazian. The 
wave shapes in each figure 
have the same form factor, 
the corresponding values of 
Es апа 0; being indicated in 
each case. Fig. 5 shows wave 
shapes having f = 1.1107, 
the same as a sine wave. 
Figs, 6 and 7 show wave 
shapes having f = 1.08 and 
1.14, a little more and a little 
less than a sine wave, respec- 
tively. The curves show no 
distinguishing characteristics 
by which it is possible to tell 
whether a certain curve has 
the same form factor as a sine 
wave or one that is greater or 
less. 

The use of five places may 
seem useless in designating 
the form factor of 1.1107 for 
a sine wave, but in plotting 
the curves here given, par- 
ticularly those shown in Fig. 
з каз небе 59 d Fic. 7—Waves WITH Form FACTOR, 
many of the calculations thus 5144 
far. The results were, іп 
places, inconsistent and unintelligible when computations were 
less accurate; inspection of Fig. 3 will show that the form factor 
for a sine wave is a critical value and a slight change in this 
value makes a great difference in the character of the curve. 

In the following paper will be discussed other factors than form 
factor for indicating the amount of distortion of a wave from a 
standard sine wave. 


To be presented at the 32d Annual Convention of 
the American Institue of Electrical Engineers, 
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II —DISTORTION FACTORS 


BY FREDERICK BEDELL 
ASSISTED BY R. BOWN AND C. L. SWISHER 


ABSTRACT OF PAPER 

A discussion of the significance and usefulness of deviation, 
peak factor, harmonic factor and curve factor, is followed by 
a similar discussion of the differential distortion factor 5 (which 
is the distortion factor of the Standardization Rules) and a 
corresponding integral distortion factor e defined in this paper. 
Each factor Ке its own significance as a numerical measure of 
the departure of an irregular wave from a pure sine wave and 
hence has a special usefulness for special purposes, as well as 
a general usefulness as an indicator of wave distortion. A 
possible factor combining š and c is suggested. The variation 
of different factors with the phase, amplitude and frequency 
of harmonics is given. All the factors vary with the amplitudes 
of the harmonics; some factors are independent of their phase 
positions, while other factors are independent of their frequen- 
cies. Each factor has, therefore, its own characteristics. The 
importance of š and c and their combination is enhanced by 
the possibility of their use in alternating-current theory and 

‚ calculation. 


HE WAVE shape of an alternating current ог electro- 
motive force is completely defined by a curve that shows 
the value of the current or electromotive force at each instant 
of time during a cycle. Such a curve contains complete in- 
formation in regard to the shape of the wave in a way that is 
satisfactory for many purposes; but it does not give this in- 
formation in numerical form, convenient for calculation and 
practical use. Complete information in a numerical form can 
be given by an equation of the curve,—expressed usually as a 
series of sine terms,—but such an equation is cumbersome 
for daily use even in the hands of experts acquainted with its 
significance, and in the hands of others it is meaningless. 

It is desirable, therefore, to be able to define a wave shape,— 
to a certain extent at least, even if its complete characteristics 
are not defined,—by a factor, coefficient or percentage which will 
be convenient to use and readily understood. Such a factor 
commonly indicates the departure of the wave from some 
standard, and for a standard a sine wave is generally used. 
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The departure from a standard sine wave may be indicated 
in a way to be useful for general purposes only, as in case of 
deviation, or in a wav to be useful for some specific purpose, as 
in case of beak factor (useful in testing of insulation) or of form 
factor (useful in connection with hysteresis loss but without 
general significance, as discussed in the preceding paper on 
form factor). These various factors for indicating the amount 
of wave distortion will be found to have varying degrees of 
usefulness both in theoretical investigation and in practical 
application. They are usually emploved to indicate the distor- 
tion of voltage wave form, but may be used in a like manner to 
indicate the distortion of a current wave form when occasion 
arises. | 

The curve which is compared with the standard sine curve 
may be the curve of the actual wave itself or it may be the dif- 
ferential or integral of that curve,—as in the case of differential 
distortion factor and of integral distcrtion factor discussed later. 
Furthermore, for the standard sine curve of reference we may 
use the equivalent sine curve, as in the determination of devia- 
поп; ог we may use the fundamental sine curve, as іп the de- 
termination of curve factor and harmonic factor. 

It is seen, therefore, that a variety of numerical factors are 
obtainable each with its own significance. It 1s the purpose 
of this paper to bring out certain characteristics of these several 
factors for comparison and to show the special significance of 
each, without attempting to give a detailed discussion of their 
determination or application. It is hoped that this may serve 
to open a discussion of the treatment of alternating currents 
of irregular wave shape, both in practice and in theory, by those 
particularly interested in such treatment. For greatest use- 
fulness, a distortion factor should be definite and determinable, 
should be convenient as a general measure of wave distortion 
and should have such a significance that it can be used in mak- 
ing alternating current calculations. 


DEVIATION 


Deviation is determined by a direct comparison of the wave 
itself (rather than its differential or integral) with a sine wave 
of equal r.m.s. value. This sine wave is the equivalent sine 
wave and is so superposed for comparison that the maximum 
difference between it and the wave being studied is made as 
small as possible. Under these conditions, the maximum dif- 
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ference between corresponding ordinates, divided by the maxi- 
mum value of the sine wave, is the deviation. To obtain devia- 
tion, the irregular curve and the equivalent sine curve may be 
plotted for comparison in rectangular or in polar coordinates, 
the latter having certain advantages for this purpose pointed 
out by L. W. Chubb, (Transactions, р. 838, Vol. ХХХП.). 

Although a direct comparison with a sine wave would seem 
to be the simplest possible measure of deviation, such a com- 
parison in the manner described can only be made by a cut and 
try process and is not susceptible to simple mathematical 
analysis. Deviation has a certain obvious common sense mean- 
ing but, so far as we can ascertain, its value does not have a 
significance (such as 1$ possessed 
by some of the factors discussed 
later) that can be used in calcula- 
tion. 

Deviation indicates the departure 
from a sine curve in amount but 
not in kind. It gives no indica- 
tion whether a wave is peaked or 
flat, regular or irregular, etc.; waves 
with the same deviation mav have 
very different form factors, peak 
factors and differential and integral 
distortion factors. 

Fig. 1 shows four wave shapes, 
very different in form, consisting 
of a fundamental and a third har- 

Fic. 1 monic equal to 0.30 of the funda- 

mental placed in various phase 

positions. The deviation is approximately 0.325 when the 

phase angle 0; = 0; 0.295 when Өз = 20 дер. ; 0.29 when Өз = 

40 deg.; 0.32 when 0; = 60 deg. It is seen that the deviation 

is not far from constant and that its value differs but little from 
the value of the harmonic, 0.30. 

The deviation is measured in terms of the equivalent sine 
wave, while the harmonic is measured in terms of the funda- 
mental sine wave, and these two sine waves are not coincident 
either in phase or amplitude. The ratio of their amplitudes 
is the curve factor, discussed later, but there is no simple rela- 
tion between their phase positions. There is, accordingly, no 
relation between deviation and the amplitude of the harmonic 
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or harmonics present that is simple and exact, although as in 
Fig. 1 the two may be nearly equal when only one harmonic 
is present. 

Deviation is defined in the Standardization Rules of the 
Institute and although not in extensive use, it has an obvious 
practical significance. 


CuRVE FACTOR AND HARMONIC FACTOR 


Curve factor is the ratio of the r.m.s. value of a wave to the 
r.m.s. value of the fundamental. 

Harmonic factor 1s the ratio of the r.m.s. value of all the 
harmonics of a wave, exclusive of the fundamental, to the 
r.m.s. value of the fundamental. 

The term curve factor has been in use, but the term harmonic 
factor we believe has not. 

Let E and E, be the respective r.m.s. values of an irregular 
wave and its fundamental; let Е, be the r.m.s. value of all 
the component harmonics, taken collectively, without the 


Е - 100.0 


actuar - 1.005 
—— 5e» ШИЖ e ТҮ" 
: 10 А 
Fic. 2A— QUADRATURE RELA- Fic. 2B—RELATION BETWEEN 
TION BETWEEN FUNDAMENTAL, Ë! CURVE FACTOR AND HARMONIC 
AND COLLECTIVE HARMONICS, Ер FACTOR 


fundamental. From the r.m.s. principle* that the r.m.s. value 
of an alternating quantity 1$ the square root of the sum of the 
squares of the r.m.s. value of 1ts harmonic components, we have 
the following relations: 
1/2 
E = (Eè + ЕЗ +E? + . x 24 


) 


| 1/ 
(Еу + Ер) , 


1⁄2 
Ej 
= (: + ) x A 


= (1 + h?)\/e X Е. 


Е 


The harmonic factor й represents the combined harmonics 
in terms of the fundamental Ву, taken as unity. Itis seen that / is 
independent of the phase and order of the several harmonics. 
One harmonic has the same weight as any other and it makes 
no difference whether many harmonics or only one are present. 


*For reference to proof, see the preceding paper on Form Factor. 
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h X 100 is the value of the combined harmonics expressed as 
a percentage of the fundamental. 
From the foregoing, we have 
Curve factor = E/E, = (1 + A?).' 
By a convenient approximation, 
Curve factor = (1 + h?)!/2 = 1 + (k + 2). 

As an illustration, let E, = 100 and let the collective har- 
monics be 10% of the fundamental. The harmonic factor then 
is h = 0.10. The curve factor is 1.005 and the r.m.s. value 
of the total wave is 100.5, as shown in Figs. 2a and 2B. With 
h known, curve factor can be accurately calculated. The re- 
verse calculation, however, is not so accurate, for a small error 
in curve factor will make a large error in h. 


ЕНЕ 
>» 


НА 
РАТЫ 


DU 
PHASE ANGLE. Ө, 


Fis. 3— VARIATION OF PEAK FACTOR WITH PHASE OF THIRD HARMONIC 


Curve factor and harmonic factor are useful in their applica- 
tion but difficult in their determination. In an induction 
motor, the r.m.s. line voltage divided by curve factor gives the 
fundamental and this alone gives torque to the rotor. 


PEAK FACTOR 


Peak facior or crest factor is the ratio of the maximum to the 
r.m.s. value and 1s 1.414 for a sine wave. So far as the third 
harmonic is concerned, the peak factor will be a maximum 
when the phase angle 0; = 60° and a minimum when 0, = 0° 
ог 120°, as shown іп Fig. 3. Тһе variation of 0; from 0° to 
120° represents all possible values, for beyond these limits the 
curves shown in Fig. 3 repeat themselves. А simple expression 
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for peak factor in terms of the amplitude and phase of the 
harmonic or harmonics present is, we believe, not obtainable. 
The curves in Fig. 3 were obtained by a partly analytical and 
partly graphical process. 

Peak factor has an importance in various tests, particularly 
in insulation testing, and may be calculated from the measured 
r.m.s. and maximum values. One of the best methods for de- 
termining the maximum value of a voltage wave experimentally 
is to measure with a d-c. instrument and synchronous com- 
mutator the current taken by a condenser connected across 
circuit to be tested! 


DIFFERENTIAL AND INTEGRAL DISTORTION FACTORS 


In an alternating current circuit manv effects do not depend 
directly upon the value of some particular alternating quantity 
but depend upon the differential or upon the integral of that 
quantity with respect to time. The value of its differential 
or integral is, therefore, in many respects of as much importance 
as the value of the quantity itself. This is the case when a 
circuit contains inductance or capacity. 

When a quantity varies as a sine function of the time, both 
the differential and the integral of the quantity are likewise 
sine functions and so have the same wave shape as the original 
quantity. In the case of an irregular wave, however, its dif- 
ferential and its integral are distorted, each in а particular 
manner, so as to have wave shapes that differ from the wave 
shape of the original quantity and from each other. The dis- 
tortion either of the differential wave or of the integral wave, 
compared with a sine wave as a standard, mav, therefore, be 
taken as a measure of the distortion of the original wave itself. 
The two results will be different in their numerical values and 
in their significance and application. 

Based on the foregoing are the following definitions: 

The differential distortion factor (0) of a wave is the ratio of 
the r.m.s. value of the first derivative of the wave with respect 
to time, to the r.m.s. value of the first derivative of the equiv- 
alent sine wave. 

The integral distortion factor (с) of a wave is the ratio of the 
r.n.s. value of the integral of the wave with respect to time 
to the r.m.s. value of the integral of the equivalent sine wave. 
1913, р. 739; Е. Bedell, Electrical World, Vol. 62, 1913, p. 378; F. Bedell, 
Journal of the Franklin Institute, Oct. 1913. 
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It will be seen that the factor 6 is the distortion factor as now 
defined in the Standardization Rules of the Institute. The 
corresponding factor с, based on the integral instead of the 
differential relation, will also, it is believed, be found useful, 
both in itself and in conjunction with 6. A following paper, 
by F. M. Mizushi, shows the application of these factors 6 
and с and of 1/60 = — cos Y in obtaining certain solutions for 
non-harmonic alternating currents. These factors become more 
desirable as they are given a rational as well as an empirical basis. 
The significance of ó and ø is brought out in the subsequent 
paragraphs. 

DIFFERENTIAL DISTORTION FACTOR 

Let e be the instantaneous value of an irregular voltage 
wave and let e’ be the instantaneous value of its equivalent 
sine wave. If x is a variable proportional to time (x = wt), 
the differential distortion factor is, by the foregoing definition, 


б = r.m.s. (de + dx) + r.m.s. (de' + dx). 


The irregular wave, e, may be represented in the well known 
manner by a fundamental sine term and a series of harmonics; 
thus, 


e = Ета; Sin x + Ezma: Sin 3(x + 63) 
+ E smat sin 5(x + 9.) + . .. 
Hence, 


de + ах = Еһ: COS x + 3 Езта: COS 3 (x + Өз) 
+ Esso: С055 (x + 05) + .... 


Bv the r.m.s. principle alreadv reterred to, we have then 
r.m.s. (de + dx) = (Е? +9E2 + 25 E + ....)1⁄2 


where Ви, Es, etc., are r.m.s. values. 
For the equivalent sine wave, we have, in a like manner, 


e 


e' = Ema sin (x + а); 
de’ + dx = Ема: cos (x + а); 
r.m.s. (4е’ + dx) = E = (El + ЕЁ + Eg + ...)1⁄2, 
The differential distortion factor is, accordingly, 


(EY + 9E? + 2585 +...) 
(E + Ёз + Её + . . .)1⁄2 


In this last equation Ei, Es, Es, may be either maximum or 
r.m.s. values. 


д 
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It is seen that 6 depends only upon the amplitude and the 
order or frequency of the several harmonic components, being 
independent of their relative phase positions. ó is unity fora 
sine wave and is greater than unity for an irregular wave by 
an amount that increases with the amplitude and order of the 
harmonics present. In the foregoing discussion, terms for odd 
harmonics only have been introduced; terms for even harmonics 
can be introduced in a like manner. 

When only one harmonic is present, the variation of ó with 
the amplitude of the harmonic is shown by the curves in Fig. 4; 
each curve is drawn for a particular harmonic, the amplitude 
of which is expressed in terms of the fundamental which is 
taken as unity. The curves in Fig. 4 for the third, fifth, seventh 
and ninth harmonics approach the values 3, 5, 7 and 9, respec- 
tively, as their amplitudes approach infinity. The variation 


Fic. 4—VARIATION OF Dis- Fic. 5—VARIATION OF Dis- 
TORTION FACTOR ó. WITH Ам- TORTION FACTOR ó, WITH ORDER 
PLITUDE OF HARMONIC OF HARMONIC 


of ó with the order of the harmonic is shown in Fig. 5. Figs. 
4 аңа 5 indicate that ô increases in а regular and more or less 
uniform manner with the frequency and amplitude of any single 
harmonic present. It is seen that more weight is given to an 
harmonic of high frequency than to an harmonic of low fre- 
quency; whether this is an advantage or otherwise will depend 
upon the point of view and upon the nature of the case under 
consideration. 

When more than one harmonic is present, the result is not so 
regular and is not so easv to interpret. 

It may be shown that the current flowing into a condenser 
is directly proportional to 6; that is, J = ô СоЕ. It is seen, 
therefore, that 6 is directly proportional to the condenser ad- 
mittance and inversely proportional to the condenser reactance. 
Experimental methods for determining 6 are thus indicated, 
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as well as definitions for 6 in terms of condenser current, con- 

denser admittance or condenser reactance. Thus, in terms of 
reactance, 

1 E 

ó == — = = 

Cw I 


which gives the definition,— 

The differential distortion factor 6 of a distorted voltage 
wave is the ratio of the reactance (1 + Cw) of a condenser on 
a sinusoidal voltage to its reactance (E/I on the distorted 
voltage. | 

Suggestions as to the measurement of differential distortion 


Fic. 6—VARIATION OF DISTORTION FACTOR Q,AND OF 1/0, WITH AMPLI- 
TUDE OF HARMONIC 


factor and its definition will be found in a paper? by C. M. 
Davis and in its discussion. 


INTEGRAL DisTORTION FACTOR 


According to the definition already given, the integral dis- 
tortion factor has a value 


С = E + ma | es 


where е апа в” are the instantaneous values of an irregular 
wave and its equivalent sine wave, respectively, and x is pro- 
portional to time. 


2. “А Proposed Wave Shape Standard ", Transactions, А. I. E. E., 
р. 775, Vol. XXXII., 1913; discussion, pp. 831-845. 
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Substituting for e a series of sine terms, as before, and inte- 
grating, we have 


IE = — Е тах COS X -5 Esmax cos З(х + 03) +... 


1/2 
r.m.s. | edx = ae ua p E Е 
9 25 


We have, also, for the equivalent sine wave 


and 


е = Emax Sin (x + а); 


fe dx = — Emax cos (x + а); 


` 1/2 
ms fe dx = Е = (E ° + Ез + Eg "E .) š 


The integral distortion factor 1s, accordingly, 


1.2 


5 load 
(ЕЗ + g Ee + ss ES +...) 
ЕЕ 


In this last equation, Е, Es, Es, etc., may be either maximum 
or r.m.s. values. | 

It is seen that the factor c, as well as the factor ó, depends 
solely upon the amplitude and order of the various harmonics, 
and is independent of their phase positions. Each factor 1s 
unity for a sine wave. Distortion from a sine wave makes 0 
less than unity, whereas, аз has been shown, it makes д greater 
than unity. The frequency of an harmonic has less effect on 
the value с than on the value of б. 

In Fig. 6 is shown the variation of ç and 1/0 with the ampli- 
tude of the harmonic when the 3rd, or 5th harmonic alone 1s 
present. For any harmonic higher than the 5th, the values of 
т and 1/0 are practically the same as for the 5th; thus, for an 
harmonic equal to 0.60, с is 0.864 for the 5th, 0.861 for the 
7th, 0.86 for the 9th harmonic. (This holds for harmonics of 
reasonable finite amplitudes, but not when the amplitudes 
approach infinity; с then approaches 1/3, 1/5, 1/7 and 1/9 
for the 3rd, 5th, 7th and 9th harmonics, respectively.) 

Fig. 7, shows how little variation there is of ø and 1/6 with 
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the order of the harmonic. It will be recalled that 6 on the 
other hand, (see Fig. 5), varies practically in proportion to 
the order of the harmonic. 

To see what relation there may be between c and 6, curves 
are plotted in Fig. 8 showing the values of с and 1/o corres- 
ponding to different values of 6. It is seen that there is no 
simple relation connecting these quantities. 

It. can be shown that inductive reactance on a distorted volt- 
age wave is inversely proportional to с; that is 


I = cE + Іо; с = Lo + (E/I). 


Hence the definition :— 
The integral distortion factor c of a distorted voltage wave 


DISTORTION FACTOR, — 


Fic. 7—VaRIATION OF Dis- Fic. 8—RELATION BETWEEN c, 
токтом FACTOR о, AND OF 1/0, ANDO. 
1/o, WITH ORDER OF HARMONIC 


is the ratio of the inductive reactance (Lw) of a coil on a sinu- 
soidal voltage to its reactance on the distorted voltage. The 
reactance on the distorted wave for most purposes can be con- 
sidered as being equal to E/I, for a small resistance included 
with the reactance would introduce but little error, on account 
of the fact that the effects of resistance and reactance are in 
quadrature. In precise measurements a correction for resist- 
ance might be applied. 


COMBINED DISTORTION FACTOR 
As there are certain merits in each of the distortion factors 
д and c, and also corresponding disadvantages, according to 
whether it is desirable to give more or less weight to the higher 
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harmonics, a combined factor might be found—a useful com- 
promise that would be free from the objections to either one 
alone. Furthermore, in alternating current calculation, as 
brought out in the following paper by Mr. Mizushi, certain 
results depend not upon the factor ó or the factor с alone, but 
upon their product бо, and upon V = — cos `! (1 + до). Figs. 
9, 10 and 11 are, accordingly, drawn to show the characteristics 
of these combined factors. 

Fig. 9 shows the variation of óc and 1/46 with the amplitude 
of harmonic. 

Fig. 10 shows the systematic 
variation of бо with’ the order 
of, the harmonic. 

Fig. 11 shows the variation of 
the angle Y = — сов”! (1 + до) 
with the amplitude of harmonic. 

Aside from the special signifi- 
cance of these combined factors 
іп alternating-current calcula- 
tion, they may have a general 
application as a measure of wave 
distortion. 

If an inductive reactance and 
a capacity reactance are con- 
nected in parallel across a cir- 
cuit, the voltage distortion of 
which is under consideration, 1 
+ Óc is the cosine of the effec- 
tive phase difference between the 
currents flowing in them. This 
suggests possibilities of measure- 
ment, should it be found worth while, by some kind ot split 
dynamometer, phasemeter or power factor meter, that would 
give the value of cos Y and would thus indicate the amount 
of wave distortion. (Possible error due to resistance in the 
inductance would have to be taken into consideration). This 
is a suggestion rather than a recommendation. Possibly some 
other combination of ó and o than the one here suggested 
might prove practicable. 


Fic. 9 


CONCLUSION 


It is seen that there are a variety of factors anyone of which 
may be used as an indication of wave distortion. These factors, 
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however, differ in their significance and give different weights 
to various elements or characteristics of wave distortion. Thus, 
peak factor and form factor (see the paper on form factor 
immediately preceding) are much affected by the phase rela- 
tions of the component waves; deviation is less affected, while 
crest factor, harmonic factor, and the differential and integral 
distortion factors are not at all affected thereby. 

Again, the differential distortion factor gives great weight 
to the order of an harmonic component, an harmonic of higher 
frequency having a much greater influence on the value of the 
factor than an harmonic of lower frequency and the same 
amplitude, while the integral distortion factor gives little 
weight to the order of an harmonic, and curve factor and har- 
monic factor give to it no weight at all. 


Ж as deta le 
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5.0 


Fic. 10— VARIATION OF бо WITH Fic. 11—VARIATION OF Фф 
ORDER OF HARMONIC -С05711/6о WITH AMPLITUDE OF 
HARMONIC 


‘Each factor, therefore, with its emphasis on particular char- 
acteristics, 15 suited for its own special use; thus, peak factor 
and form factor are useful for certain purposes alreadv referred 
to, differential distortion factor and integral distortion factor 
are useful for theoretical calculations, etc. 

Ás a general indicator of wave distortion, anyone of several - 
factors would be suitable,—deviation, the curve and harmonic 
factors, the differential or integral distortion factor, or a com- 
bination of these two. Important elements in the selection 
of a factor are its availability, or the readiness with which it 
may be determined from the available data, experimental or 
otherwise, and the definiteness of its significance. The harmonic 
factor, or percentage of the combined harmonics, is very defi- 
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nite in its significance, for it states exactly the components 
of a wave that are present in addition to the fundamental sine 
wave and so gives directly the information that is desired for 
many purposes; but this factor seems hardly available for 
general use as there is no ready method for determining it. 
In this respect the distortion factors ó and c or a combination 
of the two offer, it is believed, perhaps, the greatest possibilities 
for usefulness. Their value is enhanced by their specific use- 
fulness in alternating current calculation. 


— —Ó—M—— — — —À 


APPENDIX I. 
DEFINITIONS AND VALUES OF VARIOUS FACTORS 


Factor Definition Value 
r.m.s. voltage Gu? + Ез +...)'% 
Form factor, — 1.1107 — 
f. average voltage Ej + 1.3 Eg cos З 63+... 


maximum deviation from equivalent sine weve 
Deviation 
maximum value of equivalent sine wave 


maximum voltage 
Peak factor 
r.m.s. voltage 


—— —— —n" P F H YW 


Harmonic factor, r.m.s. of harmonics (Ез? + Es? + EZ +.) л" 
h. r.m.s. of fundamental Е} 
Curve factor r.m.s. voltage (EP +E +E + Е; +...) 1" 
(1 + А2) 13 r.m.s. of fundamental Е} 
Differential r.m.s. (de 40 (Ej? +(3E3)? +(5E5)? +... 7 
distortion factor, — ------------------------ 
д. r.m.s. (de’ +dt)* (Ej? + Ез? + By? +)! 
Integral БӘКЕН! Ej! + (1,3Е 3)? +(1;5E5)? +.) 
disturtion factor, ans. f e'di 
ТА du Ej? + Es! + Ey? +...).!/ 


*NoTE: e'is instantaneous voltage of equivalent sine curve. 
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APPENDIX II. 
NUMERICAL VALUES OF CERTAIN FACTORS 


| ё | а | l/s | ёо | 1/6а | ү 

Еу = 10% | 1.04 0.996 1.004 1.036 0.971 13°— 50’ 
Es = 20% | 1.14 0.983 1.017 1.12 0.894 26°— 40’ 
Es = 30% | 1.29 0.963 1.038 1.24 0.806 36°— 20’ 
Еу = 40% | 1.45 0.937 1.067 1.36 0.736 42°— 40’ 
Еу = 50% | 1.61 0.907 1.102 1.46 0.685 46°— 45’ 
Ез = 60% | 1.76 0.875 1.143 1.54 0.650 49°— 30’ 
Еу = 70% | 1.91 0.841 1.189 1.60 0.625 519— 20’ 
Es = 80% | 2.03 0.808 1.238 1.64 0.610 52°— 20’ 
Ез = 90% | 2.14 0.775 1.290 1.66 0.602 53°— 00’ 
Ез=100% | 2.23 0.745 1.342 1.66 0.602 53°— 00’ 
Eg = 10% | 1.11 0.995 1.005 1.104 0.907 24°— 50’ 
Es = 20% | 1.39 0.981 1.019 1.363 0.730 43°— 10’ 
Es = 30% | 1.73 0.960 1.041 1.66 0.602 53°— 00’ 
Es = 40% | 2.08 0.932 1.073 1.94 0.516 59°— 00’ 
Еь = 50% | 2.41 0.900 1.111 2.17 0.461 629— 30’ 
Es = 60% | 2.71 0.864 1.157 2.34 0.428 649— 40’ 
E, = 70% | 2.98 0.828 1.208 2.46 0.407 66°— 00’ 
Es = 80% | 3.22 0.791 1. 264 2.54 0.394 66°— 50’ 
Es = 90% | 3.42 0.755 1.324 2.58 0.388 67°— 10’ 
Еу =100% | 3.61 0.722 1.385 2.61 0.384 67°— 35’ 
E; = 10% | 1.21 0.995 1.005 1.20 0.833 339— 30’ 
F; = 20% | 1.69 0.981 1.019 1.66 0.602 53°— 00” 
Ет = 30% | 2.23 0.959 1.043 2.14 0.463 629— 25' 
Ет = 40% | 2.76 0.930 1.075 2.56 0.390 67°— 00” 
Ет = 50% | 3.26 0.897 1.115 2.93 0.342 709— 00' 
E; = 60% | 3.70 0.861 1.161 3.18 0.314 7 19— 40' 
Ez = 70% | 4.10 0.823 1.215 3.37 0.297 729— 40’ 
E; = 80% | 4.43 0.786 1.272 3.48 0.287 73°— 20” 

7 = 90% | 4.74 0.749 1.335 3.55 0.282 73°— 35’ 
Ет =100% | 5.00 0.714 1.400 3.57 0.280 73°— 45’ 
Es = 10% | 1.34 0.995 1.005 1.33 0.752 41°— 10’ 
Es = 20% | 2.02 0.981 1.019 1.98 0.505 599— 40’ 
Ey = 30% | 2.76 0.959 1.043 2.65 0.378 67°— 50’ 
Es = 40% | 3.47 0.930 1.075 3.22 0.310 72°—00’ 
Ез = 50% | 4.12 0.896 1.116 3.69 0.271 74°— 20, 
Es = 60% | 4.70 0.860 1.163 4.04 0.248 75°— 40’ 
Fy = 70% | 5.22 0.820 1.219 4.28 0.234 76°— 30° 
Ey = 80% | 5.68 0.784 1.275 4.45 0.225 719—00' 
Eg = 90% | 6.06 0.746 1.340 4.52 0.221 779— 10 
Еу -100% | 6.40 0.712 1.404 4.55 0.220 779— 20' 
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III—AN ANALYTICAL AND GRAPHICAL SOLUTION FOR 
NON-SINUSOIDAL ALTERNATING CURRENTS 


BY F. M. MIZUSHI 


ABSTRACT OF PAPER 


The solution which is usual in case of sinusoidal currents for 
series circuits containing R, L and C may be modified by the 
introduction of current distortion factors 5’ and о” so as to 
hold for non-sinusoidal currents. The usual solution for paral- 
lel circuits may likewise be modified by similar voltage distor- 
tion factors, š and +. 

In Part I. the general analytical solution for series circuits 
is followed by a corresponding graphical solution and a discus- 
sion of special cases. In Part II. the general analytical solution 
for parallel circuits is likewise followed by a graphical solution 
and special cases. In both series and in parallel circuits. not 
only are the effects of L and of C changed in value by distor- 
tion, but these effects are changed, relatively, in phase and are 
no longer in exact phase opposition as in case of sinusoidal cur- 
rents and voltages. 

The mathematical transformations on which the solutions 
are based are given in an appendix. 


R CIRCUITS containing constant resistance R, induc- 
tance L and capacity C, the general solution for sinu- 
soidal alternating currents is well known and is 1n common use. 
It is desirable to have a corresponding general solution in simple 
form for non-sinusoidal alternating currents; to develop such a 
solution, both analytically and graphicallv is the object of this 
paper. Certain special cases, to which reference is given later, 
have been treated by A. Russell, but it is believed that no general 
solution has been published. The writer is indebted to Dr. F. 
Bedell, in whose class the investigation originated, for suggestion 
and assistance in the preparation of this paper, and to various 
members of the class for their cooperation. "The same problem 
has previously been attacked in this laboratory by B. Arakawa!. 
but in a somewhat different manner. 
The treatment is divided into two parts, dealing with series 
Manuscript of this paper was received April 18, 1916. 


1. Vector Representation of Non-Harmonic Alternating Currents, 
Physical Review, p. 409, Nov. 1909. 
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and parallel circuits, respectively, and in each part the general 
analytical solution is followed by a graphical solution anda 
discussion of special cases. 


Part I. R, L AND C IN SERIES. 
Let the voltage and current at any instant be represented by 


е = Ғата Sin (wt — о) + Esmar Sin 3 (wt —a@3) + ..; (1) 
1 = Піна:біп (wt — By) + Ismaz sin 3 (wt — Вз) +... (9) 


The general relation between e and t for a circuit containing 
R, L and C in series, is shown bv the well known fundamental 
equation 


| dt 1 | 
e = R! + 1. 3r + С fu (3) 
Let us square cach side of this equation and multiply by the 


T 
operator rj dt. The left hand side of the equation is then 
0 


equal to the mean square voltage, for 


А 
= j edt = E: (4) 


0 


The right hand side consists of six terms, as given in detail 
in Appendix I. After some reduction, two of these become zero 
and the remaining four may be written as follows: 


2 
F: = (RD? + (8' Lo D: + (z) E (Б) 


ОГ 


; % 
0 


E = ( R + (@' Loy + (2) == ZE) I = ZI (6) 


where Z is the impedance of the circuit, and 6’ and с’ are, respec- 
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tively, the differential and integral distortion factors for current, 
namely, 


p. Чё + OL)! + GI +...) т) 
ist da ale РА" 


(+l) tl) t w 


urs 


т' = 


ô' and о” are current distortion factors, marked with a prime to 
distinguish them from the voltage distortion factors (6 and o) 
used later. 6 and 0’ are differential distortion factors, while 
т and д’ are integral distortion factors, the significance of which 
is discussed in the paper immediatcly preceding on Distortion 
Factors bv F. Bedell. 

Equation (6) gives the value of the impressed voltage at the 
terminals of a series circuit in terms of the current J and its 
distortion factors 6’ and с’. Inasmuch as the current has the 
same value in all parts of а series circuit, it is the current that is 
the connecting link between the various elements of such a cir- 
cuit, and it is current distortion rather than voltage distortion 
that is significant in this case. On this account the solution for 
a series circuit is restricted in its application. For parallel 
circuits, the voltage is the common link between the several 
elements and, as. will be shown later, the solution for parallel 
circuits is therefore in terms of voltage distortion which is a 
form more suitable for practical applications. | 

For a non-sinusoidal current, 0’ > 1; с’ <1. 

For a sinusoidal current 67 = 1, с’ = 1 and equation (6) ге- 
duces to the well known form 


Ee IV R+ (Lo- 1). 


са) 


The impedance of a series circuit hecomes a minimum for a 
non-sinusoidal current when w = Vo’ + 6’ L C, or, for sinu- 


soidal currents, when w = л/ Вас ға 
Loc 
Graphical Solution; R, L and C in Series. Let us use for non- 
sinusoidal currents, the graphical relation in common use for 
. sinusoidal currents, namely,that reactance and resistance may be 
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represented by two sides of a right triangle the hypotenuse of 
which represents the impedance; as in Fig.1. Thus, 

Z = v R: + X: 


From equation (6) we also have 


“ / 2 
z- r+ Lap (2) - 22 (9) 
whence 
| 2 
; о” 2 L 
(Lu) 
(dio) 
Fic. 1 Fic. 2 


When 0’ and с’ arc unity, (10) reduces to the well known 


. ' 1 
value for the reactance for sinusoidal currents, X = Lo-— To ; 


the total reactance is then the arithmetical difference of the 
inductive reactance and the capacity reactance, which are graphi- 
cally represented in the same straight line but in opposite direc- 
tions. 

For a non-sinusoidal current, however, the inductive re- 


, 


; с ; 
actance 6’Lw and capacity reactance To are no longer in a. 
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straight line, but are laid off as in Fig. 2 with an angle Y’ between 
them, where 


cos Y' = — 5757 


For non-sinusoidal currents, Y' < 180 deg., for sinusoidal 
currents, 0’ = 1,0’ = 1, Y'— 180 deg. | 

This graphical construction is justified as follows: 

From Fig. 1 or Fig. 2, we have, by a well known trigonometrical 
relation, 


А j' с’ \ | о” 
x= (071, о)? + (E>) + 2(0’ L w) (=) cos Y' 


Since cos Y' — — =, this is identical with (10) already 
obtained analytically. ðL о, o’/Cw and X are т one plane, 
the relation of which to the plane of Z, X, R is not here deter- 
mined. 

Special Cases for Series Circuit. For L and C, without 
resistance 


Є. 
peroral > | > ` (11) 


The reactance, as shown in Fig. 2, is the vector sum of 6’Lw and 


, 


c 
——, drawn with an angle $’ between them. With non-sinu- 


Co 
soidal currents, capacity and inductance cannot fully neutralize 
each other so as to make the total reactance zero, as in the case 
of sinusoidal currents. 
For R and L, alone, 


Е = 1 М Е? + (0' L o) (12) 


For R and C, alone, 


E = IM РА + (<) (13) 
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Figs. ЗА and Зв show the reactance component, in quadrature 
to the resistance component, for these two cases. The solution 
for these two special cases has been given by A. Russel? 

For L alone, 


E-ó0'LolI (14) 
For C alone, 
д'І 
Е = Cu (15) 


These equations indicate the possibility of determining the 
current distortion factors д” and а” experimentally by measuring 
the current and the voltave drop around a known inductance 
or capacity in series with the circuit in question. 


Де — \ 
К 2 


Fic. ЗА Fic. 3B 


Равт II. R, L AND C IN PARALLEL 


Let the instantaneous values of voltage and current be repre- 
sented by e and 1, as already given in equations (1) and (2). 
The general relation between e and 7 for three circuits in parallel, 


EM -- 1 
one circuit containing a conductance g = р, another L and an- 


other C, is given by the general equation, 
. de 1 
ест [м (16) 


This equation is of the same form аз (3); it is to be noted 
however that e and 1 are interchanged, L апа C are interchanged, 


and І or gis written for К. Ву squaring and multiplying by the 


T 
1 E | | 
operator М! dt, we obtain, іп the same manner that equation 


0 
(B) was obtained from equation (3), the following solution: 


СЕ Y. 05 оС gs 
Ta) + @CEw) 2-Е (17) 


2. See Alternating Currents, Vol. 1, р. 80. 


P = (68) + Í 
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and 


2 aX} 
r= (2+ (=) + Обь - 26 ) = y E (18) 


where Y is the admittance of the three circuits in parallel, and 
6 and @ are, respectively, the differential and integral distortion 
factors for voltage, as discussed in the preceding paper by Dr. 
Bedell. 


‚ (Eè + (3Es)?+(5Es)? +...) 

0 (ESTESJT EST...) (19) 
ae (Er 4 (Ese y 

" (GG) -) (20) 


(Ба dg Te)! 


The admittance Y in equation (18) becomes a minimum when 
w= Ма + І C. 

For a non-sine wave:6 > 1, с <1. For a sine wave: ô = 1, 
т = l,and equation (18) becomes 


1 . Yẹ 
1-Ге-( - со) | x E. 


Graphical Solution; R, L, and C in Parallel. For a series 
circuit, use has been made above of the relation Z = VR? +.X?. 
For a parallel circuit, use may be made of the corresponding 
relation 


y= vg + b, 


the admittance Y being made up of two quadrature components 
namely, the conductance g, and the susceptance b, as shown in 
Fig. 4. 

From equation (18) it is seen that 


b= V (Z) + асы - 45 (21) 


Figs. 4 and 5 show that the susceptance b is composed of the 


с . 
Inductive susceptance (z5) and the capacity susceptance 


Lo 
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6Cw, laid off not in the same straight line (as for sinusoidal 
currents) but with an angle Y between them, where 


cos V = -i (22) 


” 


This construction is justified by the fact that, іп Figs. 4 and 5, 


b= v (=) + (6 Cw)? + 2 ( d )@Co) cos ¥ 


Lo 


Fic. 4 


which becomes identical with (21) upon the substitution of 
US for cos Y. 
с д 


Special Cases for Parallel Circuits. For L and С іп parallel, 
without resistance, 


fx V( + (8 Cw)? — 36 (93) 
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The susceptance diagram for this case is shown in Fig. 5. 
Y isthe phase difference between the currents in the inductance 
and capacity and its value indicates the amount of voltage dis- 
tortion; for a sine wave of voltage, V = 180°. This case is 
partially treated by A. Russell, Vol. I. p. 84. 

For R and L, alone, in parallel 


" z iz) 
EN e + (2; (24) 
For К and С, alone, in parallel 


= EV g + (6Cw)? (25) 


The currents through the resistance and reactance, in these two 
cases, are in quadrature. 
For L, alone, 


I = — ;oro=LwIl+E (26) 
For C, alone, 


=§CEw;ord = I+ CE o (27) 


The voltage distortion factors, бала с, may thus be determined 
experimentally by measuring the current taken by a pure in- 
ductive reactance or capacity reactance, respectively, when the 
voltage E is applied to its terminals. 


APPENDIX I. DERIVATION OF EQUATION (D). 
From equation (2) we obtain 


E = wW Гіта: cos (wt — Bi) + 3 w Izmar cos 3 (wt — Вз) +... 


. І тах [ тат 
IE = = E COS (wi — Bi) = cos 3 (wt = B3) ГЕ 
1 Т 
Squaring (3), operating on it by rj dt, and substituting 


these values for -9 and f 111, we have for the right hand: side 
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of the equation the following six terms. designated as (a), (b), 
(c), (d), (e) and (f). Two of these equal zero; the remaining 
four, after being reduced and simplified as below, appear in 
equation (б). 


11. 
(а) К? МЕ dt = КЕР, where Iis the r.m.s. value of current. 


O 
е 2 r 
(b) L? | (T) dt = 120? М осо аре Bil di 
9 0 


1 
+ L2 о? zi (wt — Вз) P dt+... 
0 


= І? о? 11,2 + (3 I4)? + (5 I? + | 
= (ó Lw D:. 


6’ is the differential distortion factor for current, 


pn GHI + GI. 
(I +I} + I+...) 


| di Ñ. xs 
It is to be noted that (-4-) involves the products of different 


frequencies, such as cos (wt — В!) cos 3(wt — 3), cte., which 


| 1 
become zero after being operated on by rj dt. 


(c) — һа) Cf idt)? dt = = an — [таг COS (ot — B) Га! 


9 О 


1 1 


+ (3Cw)? МІ Е Гзта: COS 3 (ш! т? Вз) р dt T S ore 


II 
— 
oja 
5 | 
— 
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a’ is the integral distortion factor for current, 


Í; ) I; ) y 
2 = ыз 
NIU + ( : + ( в] +... 
d? IS + Iè MT. E 
ч 2 
It is tobe noted that (f 702 )?, іп the same manner ав (57) ; 


has products of different frequencies, which become zero after 


being operated on by IE 


=2RLI\ mar Q) 3E (wt — Bi) cos (wt — Ва 


0 


+6 RLWI 3 maz an sin 3 (ot = В.) cos 3 (wl = Вз) dit ET 


Ü 


= 0 


(e) 25 T j (i f idi) dt ` 


о. | 
__ 2RlIVa 1 S 1 — 
== - dE (ші — 81) cos (gt — Bi) dt 
О 
T 
2 
2с sin 3 (wt — Вз) cos 3 (wt — Bs) dt — .... 


3Co T 


-0 
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o: 2f [649 (44) 


2L 


2L Wd 
2» wd. 


(O 


(тағ: (cos wt — Bı) |? dt 


ой үүт i 
т [ Zamar COS 3 (wt — B3) | dt—.... 
Ü 


2 1, 27 
= — (Ij)? + [2 +/7e+....) = vem “Т I° 
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ELECTRICITY IN GRAIN ELEVATORS 


BY H. E. STAFFORD 


ABSTRACT OF PAPER 


The object of this paper is to show the storage capacity of 
grain at the terminals of Port, Arthur and Fort William, the 
rated horse power capacity of prime movers, the amount of 
power used to turn out a given quantity of grain, and the power 
used by different machines in the process. In addition it gives 
the details of different plants as regards construction and opera- 
tion and the method of receiving and shipping grain. It gives 
a comparison between steam and electrically-driven plants as 
regards convenience, maintenance, operation and cost. As 
regards the station end, it shows the lay-out of different sta- 
tions, the cost of installation, the operation and in some in- 
stances, the cost of power. It will be shown in the paper that 
the cost of handling grain varies, and the reason is fullv de- 
scribed. On account of the grain handling season being of 
short duration, it 1s the intention of certain companies, to install 
turbo-generators to overcome the necessity of paying on a peak 
demand basis. By installing two or more units the operating 
expenses would be cut to a minimum. With the use of steam 
power this is impossible. 


LECTRIC power first came into the limelight in this in- 
dustry in Fort William, in 1902, making this city one 
of the pioneers in this respect. Electricity was first introduced 
by the Canadian Pacific Railway, which built a power house 
operated by steam, for the purpose of electrifying its numerous 
elevators. This company was the only one using electric power 
until the advent of the Kaministiqua Power Co., in 1905. The 
latter company established a power house at the foot of Kakc- 
beka Falls, 18 miles from Fort William, in June 1905, and the 
first two units of 7000 h.p. capacity were put into opera- 
tion in December, 1906. A third unit of 7000 h.p. was 
added in October, 191f, while a fourth unit of 13,000 h.p. was 
added in August, 1914, making a total of 27,000 h.p. Fig. 1 
shows the location of the power house and flumes. 
At this point the power is generated at 4000 volts, and 
stepped up to 25 kv. It is transmitted at this voltage to sub- 
stations at Port Arthur.and Fort William, where it is stepped 


Manuscript of this paper was received April 20, 1915. 
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down to 2200 volts. Тһе loss 1n transmission is approximately 
3000 volts. 

The substation at Fort William has, at present, three banks 
of three transformers with a capacity of 5500 kv-a. for each 
bank. The station at Port Arthur has six transformers of 750 
kv-a. each. The connections from power house to station are 
star-star, star-delta, with grounded neutral. Тһе Corporation 
of Port Arthur has in addition, a hvdroelectric plant at Cur- 
rent River with a total capacity of 2500 kv-a., at 2200 volts, 
which 1s used at the heaviest load period to keep down the peak. 

Under the: names of the different plants will be given a bricf 
description of the various condftions under which they work, 
obtain power etc. The first two described are the latest built, 
and will be given in detail. 


WESTERN TERMINAL ELEVATOR 

This elevator is a recent type, and is the second in Fort Wil- 
liam to purchase a power at 22 Ку. The station was completed 
in August, 1914. The old plant which was built a few vears 
ago is of concrete, with steel and tile cupola, while the tanks 
are tile. The new house, built in 1914, is of reinforced con- 
crete throughout. The building is built on a foundation of 
piles driven sixty feet below cut-off. The piles are driven in 
blue clay, and are capable of standing a stress of between 16 
and 20 tons per pile. The grain capacity of the clevator 1$ 
2,000,000 bushels. The power contracted for is 700 h.p. The 
plant is equipped with 56 motors of a total capacity of 11405 
h.p. The motors are used for vanous purposes some of which 
are given below. 

There are two car-haul motors (one for each track) of 40 
h.p. capacity each, capable of hauling 25 cars cach. There 
are six receiving pits and three receiving legs with 22-inch 
buckets. Each leg is operated by a 75-h.p. motor. The dis- 
tributing belt conveyers are operated by а 20-h.p. motor each, 
and the shipping belt conveyers are operated by a 15-h.p. 
motor each. The loading legs require from 60-h.p. to 75-h.p. 
motors each. 

There are also seven cleaners and three cleaning legs. The 
cleaner legs take from 15 h.p. to 25 h.p. each, while the cleaners 
are operated by a 10-h.p. motor each. This plant is equipped 
with four flax machines, of 10-h.p. capacity each, and two 
special flax machines of 73 h.p. cach. 
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Two fans for collecting dust are operated by a 10-h.p. and 
15-h.p. motor respectively, and the building is piped with com- 
pressed air supplied by a 4$- bv 6-in. compresser for cleaning 
motors. 

The station equipment consists of three 250-kv-a. single- 
phase transformers. The connections are star-delta. The 
power factor is kept at 90 per cent by two 125-kv-a. condensers. 
In addition there 1s a 30-kw. single-phase transformer for light- 
ing purposes. The load factor is about 25 per cent. 


Fort WILLIAM ELEVATOR Co. 


This plant was built in 1913 and is of reinforced concrete 
with brick panelling. The plant, which has a grain capacity 
of 1,500,000 bu., is operated by both steam and electric power. 
The boiler capacity (four boilers) is 500 h.p. The engine 
capacity is 800 h.p. These operate at a steam pressure of 120 Ib. 

The electric plant consists of a 300-h.p. marine engine direct 
connected to a 225-kw., 600-volt, 60-cycle, three-phase alterna- 
tor supplying current to three 100-h.p. motors operating three 
shipping legs, four 15-h.p. motors operating four, shipping 
conveyer belts, and one, 20-h.p. motor operating a reversible 
conveyer belt. 

The plant uses 2000 tons of coal per annum at a cost of $4.00 
per ton. Below 1s given the cost of operating the plant for one 
year. 


Coik herd ЕС ТТТ СТ say ders $ 8,000.00 
(iL "Eae 250.00 
bili: A "ccr rm 32.00 
Рас о ЫСЫ da sm 200.00 
ее 4,000.00 
Total’ -per апи. оао. $12,482.00 


This makes an average of $34.194 рег day. Average load for 
365 days = 300 h.p. Average cost per h.p. per annum = 
$41.606. As this plant also supplies steam for the drier, the 
actual cost is somewhat below this amount, the actual cost 
not being known. 

The storage capacity of the plant is 48 tanks, each contain- 
ing 27,000 bu., and 35 intermediate tanks, each containing 
7000 bu. There are six receiving pits capable of handling 12 
cars or 13,200 bu. per hour. Also nine wheat cleaners and 
two flax cleaners of 1000 bu. capacity per hour. 
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The shipping capacity is about 45,000 bu. per hour, and each 
conveyer belt of 15 h.p. capacity handles 20,000 bu. per hour. 
Two extra features of this plant are a separater, for separating 
various grains, and a drying plant. The capacity of the drier 
is 1000 bu. per hour. 


CONSOLIDATED ELEVATOR 


The total grain capacity of this plant is 1,750,000 bu. Power 
is delivered at 2200 volts on a contract basis of 700 h.p. The 
average load is 600 h.p. The total number of motors is 37, 
ranging from 2 h.p. to 75 h.p., delivering 1007 h.p. 

The transformer station consists of 2200 to 600-volt trans- 
formers, a synchronous condensor, necessary switch gear, and 
motors. All other characteristics correspond to the plants 
previously described. 


CANADIAN Paciric RAILWAY Co. 


As before stated, the C. P. R. was the pioneer in the use of 
electric power for elevator purposes. "This plant, which is the 
only one operated bv this company in this city, has a total, 
grain capacity of 8,000,000 bu. and is the second largest plant 
in the world. The shipping capacity is 80,000 bu. per hour. 

The company discontinued the use of its own power plant, 
and purchased power from the Kaministiqua Power Co. in 1907. 
Power is purchased at 2200 volts and stepped to 600 volts at 
its own transformer station. The transformer capacity is three 
single-phase, 588-kv-a., or a total of 1764 kv-a. The power 
factor is maintained at 90 per cent by a 750 kv-a. condenser. 
The total motor capacity is 2100 h.p., while the average load 
is 1400 h.p. 


CANADIAN NORTHERN RAILWAY ELEVATOR 


This plant is a double one; that is, there are two work houses 
with the storage tanks between. It has a storage capacity of 
9,500,000 bu. and is the largest plant in the world. This plant 
was first started in 1900, and has been added to at various 
times, the last addition being made in 1913. Up to that time 
it was a steam plant throughout, but when the annex was 
built in 1913, a 200-kv-a. three-phase generator was installed 
to supply power for it alone. 

The total engine capacity of the plant is 2000 h.p. supplied 
by a 1250-h.p. and a 750-h.p. unit. The coal consumption of 
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this plant is 7000 tons per annum, 950 tons of which are used 
in the driers. The average horse power (steam) is about 1700 
The cost of producing power is 0.9 cent per kw-hr. figured on 
a basis of 34 lb. of coal per h.p-hour. Statistics of this plant 
also show that the cost for one year was $22.56 per h.p. for 
steam power which is an exceedingly low rate. 

The average amount of grain handled in one year is 
40,000,000 bu. 

In Jan. 1914, the elevator was remodeled, necessitating the 
installation of additional power. Аз the company was con- 
sidering using electric power throughout in the near future, 
it was deemed advisable to erect a substation to accommodate 
the extra power needed, which could be enlarged as more power 
was required. 

The transformer station is a separate building of brick and 
tile construction, and was built in 1913. The equipment, 
which was installed and partly designed by the writer, was put 
in operation in April 1914. Power is purchased from the City 
of Port Arthur, at 22 kv. and stepped to 600 volts by three 
150-kv-a. transformers connected to a six panel board. The 
oil switches and busbars are mounted directly on the board, 
which consists of one main panel, one condenser panel, and 
four feeders. On the main panel is an ammeter giving the 
readings from the high-tension side of the transformers, a 
graphic wattmeter giving the total kilowatts of load, a graphic 
power factor meter and a maximum demand and integrating 
wattmeter combined. The voltmeter giving the low-tension 
readings is mounted on a swing bracket at the end of the board. 
The four feeders are duplicates and have only an ammeter each, 
with the necessary switchgear. A detail drawing of connections 
is shown in Fig. 3. This diagram corresponds to nearly all 
the low-tension connections in all the elevators. Fig. 2 shows 
a view of this board and part of the lightning arrester equip- 
ment. 

A detailed drawing of the synchronous condenser panel is 
shown in Fig. 4. This consists of three a-c. ammeters, one a-c. 
voltmeter, one 4-с. ammeter, one d-c. voltmeter, and о! switch, 
two rheostats, synchronizing lamps, switches, plugs and start- 
ing controller. The condenser itself is the 200-kv-a. generator 
mentioned before, and was installed in the station for power 
factor correction. The condenser is started somewhat differ- 
ently from the others used in elevator practise (all others are 


1092 STAFFORD: GRAIN ELEVATORS [June 29 


self-starting) as this machine is started and brought up to 
speed (900 rev. per min.) by its exciter, which is supplied at 
110 volts d-c. hy a large generator supplving lights to the eleva- 
tor. When the machine has reached synchronous speed it is 
thrown on the line in the usual way and the double-pole, double- 
throw switch shown in Fig. 4 is thrown to the running position, 
when the exciter takes care of the condenser, through the gen- 
erator field rheostat, by which the power factor can be regulated 
at will. It takes one minute to get the condenser on the line. 

The emergency switch mentioned in Fig. 4 is used in case 
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C.T., current transformer; P.T., potential transformer; T.C., trip coils; A.C.B., auto- 
matic circuit breaker; M.D.M., maximum demand meter; G.W.M., graphic wattmeter; 
;.Р.Е.М., graphic power factor meter. ! 


the exciter needs repairs. In this case the fields can stil be 
excited from the light generator while such repairs are being 
made, the condenser of course having to be kept running, as 
there would be no wavy of starting it. The short-circuiting 
switch is for cutting out the controller when the motor 1$ run- 
ning as an exciter. 

The total capacity of the switchgear is about 2000 h.p. 
while the capacity of the transformers is only 450 kv-a. These 
of course can be added to at any time. The transformers are 
delta-delta connected. The station is protected by three elec- 
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trolytic lightning arresters. The total motor capacity at pres- 
ent is 765 h.p., while the average load is 385 h.p. 


GRAND TRUNK Paciric ELEVATOR 


This elevator has a grain capacity of 5,750,000 bu. The 
motor capacity is 1800 h.p. It was the first in this district 
‘to purchase power at 22 kv., having contracted for it in 1909. 
The substation is large and roomy with a maximum of safety. 
The building is three stories high. The top floor contains the 
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D.T. Sw., double pole, БАҚТЫ throw switch; D.S., discharge switch; E ғ exciter rheostat; 
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choke coils, lightning arresters and high tension switchgear. 
The arresters are the electrolytic type. The second floor con- 
tains the light and power transformers. There are three single- 
phase, 22-kv. to 600-volt transformers with a total capacity 
of 2025 kv-a., and three lighting transformers of 60 kv-a. each. 
The ground floor is taken up with the condenser and switch- 
board. The condenser is self-starting and has a capacity of 
750 kv-a. It draws about 800 amperes at starting, and takes 
about 12 minutes to get it on the line. The switchgear anp 
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busses are mounted directly on the board. Ап extra feature 
of this station is a fire pump of 500 gallons per min. capacity, 
driven bv a 50-h.p. motor. Fig. 5 shows the elevation of a 
substation of this type. 


THE Horn ELEVATOR 

This plant, better known as “ King's Elevator" was built 
in 1883 and is the oldest elevator in this part of the country. 
This elevator, which is an ex- 
clusive cleaning and drving plant 
and is called a “ hospital” The 
grain capacitv is 800,000 bu. 

The plant 15 operated Бу 
steam, the boiler capacitv being 
1200 h.p. while the engine 
capacity is 600 h.p. The ex- 
cess boiler capacity is used in 
the drving process. The plant 
is equipped with seven driers 
with a total capacity of 20,000 
bu. per dav, with grain at 8 per 
cent excess moisture. A thorough 
description of the drying process 
comes under the head of “агу- 
ing," a subject fully described in 
the latter part of this paper. 


OGILVIE MILLING Co. 


This company owns and oper- 
ates an elevator in connection 
with its flour mill. The grain 
capacity of the elevator 1s 1,250,- 
000 bu., while the capacity of Fic. 5 
the mill is 3000 bbl. per day. — jightning arresters 3. choke coils; 4 high 

The rated capacity ОЁ motors 6 uansonner; 7— switch boards 82 con: 
is 2000 h.p. and the power 445%. 
is purchased on a 1300-h.p. demand basis. Power is delivered 
to the plant at 2,200 volts and stepped to 600 volts. The 
milling machinery is connected to a lineshaft driven by an 
800-h. p. motor, while the mill cleaning equipment is lineshaft 
connected to a 250-h.p. motor. 

The plants described above cover the field very well, and for 
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the sake of convenience, the balance of the plants at these 
terminals, as well as the preceding ones, are given in Table I. 
This table covers all the data available. It is impossible to 
obtain all the facts and figures, as most of the companies are 
very reticent in this respect. 


SUMMARY 


The power applied to grain elevators, steam and electric, 
may be summarized as follows: 


Electric power (max. demand) 


total h.p. average h.p. 
14,412] 8680 
Electric power (flat rate) 
495 475 
Steam power 
4,710 3105 
Combined steam and electric 
800 steam 365 electric (1165 total) 300 


The total capacity of all terminal elevators as shown in 
Table I is 42,090,000 bu. The total capacity of prime movers 
is 19,9823 h.p. and the average power is 12,360 h.p. During 
the season of 1914, the total grain shipments from these ter- 
minals was 126,398,622 bushels. 

In connection with the tvpes and classes of plants, a little 
explanation is necessary. There are two types of plants, public 
and private. These may belong to either of the two classes, 
as shown in Table I. А public plant is one In which the grain 
is handled on a percentage basis for any grower or grain com- 
pany, while the private plant buvs the grain outright and dis- 
poses of 1t to suit its needs. 

The cost of handling grain is rather hard to figure. A plant 
may not handle the same amount of grain two years in succes- 
sion. It mav also be stated, that while the characteristics of 
these elevators as to major details are identical, the conditions 
under which they operate are at a variance. 

It has been shown in Table I, that a certain plant handles 
20,000,000 bus. of grain on 1500 tons of coal at $4.00 per ton. 
Including the operating costs, the cost per bushe! over a number 
of vears was shown to be 0.057 cent per bu. 

Another plant handled for one vear, 30,000,000 bu. of grain 
on 675 kw. at a maximum demand charge of $10,492.44 on a 
basis shown at the conclusion of this paper. "This brought the 
cost per bushel down to 0.035 cent per bu. 
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Another plant handled 500,000 bu. on 100 h.p. flat rate at 
$25 per h.p. or 0.05 cent per bu. 

From Table I, item 5, it will be seen that this plant handled 
40,000,000 bu. on 7000 tons of coal, which, with the opera- 
ting expenses, brought the price to 0.042 cent per bu. 

As stated before, this information, while authentic for the 
period mentioned, can hardly be called an average. 


30 to 75 H.P. 


Shipping 
Spout 


Fic. 6—DIAGRAM OF GRAIN ELEVATOR 


HANDLING THE GRAIN IN ELEVATORS 


The handling of the grain may be grouped under a number 
of headings such as, 


1. Receiving; car haul, unloading. 
2. Cleaning. 

3. Conveying; storage tanks. 

4. Conveying; hopper conveyer. 
5. Weighing; shipping. 

6. Drying. 


Car Haul. The cars are shunted into the elevator by a yard 
engine, after which they are moved by a cable drum over the 
receiving pits. The size of the motors for the car haul depends 
on the capacity of the elevator and the average number of cars 
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handled at one unloading. For a train of (25) cars a 40 h.p. 
motor is used. 

The motor starts under no load and the load is gradually 
thrown on by a friction clutch attached toa cable drum. The 
strain 15 sometimes very great аз for a train of 25 cars a 40 h.p. 
motor would exert itself 40 to 60% above rated capacity. 
As this is only for a few seconds the load as a whole is of little 
importance. 

Unloading. The grain is shovelled from the cars by reverse 
cable shovels; generally two toa car, each operated by one 
man. Of course the greater part of the grain leaves the car 
by gravity as soon as the grain doors are removed, and the 
shovels are used for the remote corners and floor. It usually 
takes 30 min. to unload a car containing 1100 bu., 66,000 lb. 
Each receiving pit has a set of two shovels. The power re- 
quired to operate two shovels is approximately 7.5 h.p. The 
load is intermittent and very seldom exceeds 
the normal capacity of the motor. 

Cleaning. While the grain does not neces- 
sarily go through the cleaning process im- 
mediately after it is removed from the cars, 
this subject will be treated first. From the 
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This consists of five Teceiving pits, the grain is carried by bucket 


sieves, with t lead- : 
ing from each compart. COnveyers either to the cleaner or storage 


ment to conveyers. 


tanks, as the case may be. Тһе cleaners аге 
located on the first “ deck " of the elevator. At the cleaner the 
grain is separated from the chaff, dirt, etc. The screenings (false 
grain and others) are transferred to a bin where it is afterward 
sold for feed. The chaff is drawn by suction into a blower and 
carried to the boilers direct. The foul seed is taken to a bin where 
it is afterward disposed of. The power required for the blower is 
from 15 h.p. for a 2,000,000 bu. plant, to 75 h.p. for a 9,000,000- 
bu. plant. Тһе load is constant and never exceed the full load 
rating. The motors for the cleaners range up to 10 h.p. and 
are never overloaded. The load is practically constant. 
Conveying and Storage Tanks. The good grain is taken by 
a bucket conveyer from the cleaners to the tops of the tanks, 
where it is dumped on a belt convever, to be distributed to the 
various tanks. The tanks are constructed, as before stated, of 
steel, tile or concrete. A belt conveyer runs between two sets 
of tanks and the grain is shunted into the proper tank by means 
оға “ dumper.” This dumper consists of a set of rolls, between 
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which the belt passes, оп the same principle as a belt tightener. 
By closing the dumper the grain is diverted to a chute and then 
into the tank. The dumper is mounted on rails and is generally 
moved by hand. 

The bucket conveyers require from 50 to 75 h.p. motor capac- 
ity, according to the height of the convever and the size of the 
buckets. These motors start under light load, but as soon as 
the grain starts the motor is loaded to its normal capacity. 
The belt convevers probably have the heaviest conditions to 
work under, having to start under great stress, sometimes double 
their rated motor capacity, and in many instances the auto- 
starters are of no use whatever, the handle having to be thrown 
to the running position to start. It 15 not an uncommon occur- 
rence for a 15-h.p. motor to blow a 100 ampere fuse, or five 
times normal load. The load is also intermittent owing to 
opening and closing of the hoppers, necessarv in mixing grades 
of grain. 

In warm weather these motors work at about 75 per cent 
full capacity, while in.cold weather they work as high as 20 per 
cent above rated capacitv, due to the effect of the temperature 
on shafting, journals, belting etc. In connection with these 
motors, the question might be asked, ‘‘ whv are not larger 
motors used?" In the first place the extra cost is to be con- 
sidered, while in the second place the season for grain handling 
is generally from the opening of navigation on the Great Lakes 
until the closing, that is from the l5th of April until the 5th 
of Dec., or in temperate weather. The motor capacity for 
belt convevers is anywhere from 15 h.p. to 50 h.p. depending on 
the length of the belt. "These belts travel at about 650 fect 
per minute. 

Conveying; Hopper Conveyer. From the tanks the grain is 
directed through a hopper in the bottom of the tank to another 
belt convever, where it is carried out of a tunnel under the tanks, 
to a bucket convever, where it is carried to the garner bins. 

Weighting and Shipping. From the garner the grain goes 
into the shipping bin, mounted on scales and situated directly 
beneath it. After it is weighed, it goes to the shipping spout 
and thence to the hold of the vessel. The capacity of the scale 
is 60,000 1b. 

Drying. All grain that is damp has to be dried before ship- 
ment. No matter how smuttv, damp or dirtv it is, 1t 1s dried 
and sold to the miller in that state. "The elevator companies 
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used to wash the grain, but it was an expensive operation, con- 
sidering they got no more for it. Тһе washing bleached it and 
the value decreased accordingly. Now the mills wash the 
grain and gage the amount of moisture necessary in the milling 
process. The defective grain is therefore taken direct to the 
driers and treated. The drier is a hin generally containing 500 
bu. of grain, fitted with vertical sieves and an air chamber, as 
shown in Fig. 8. 

The air chamber is in the center surrounded by the sieves. 
There is a blank space between each sieve as shown in the cut, 
and the air circulates in the direction of the arrows. Connected 
to the drier by an air duct, is a 60-in. fan running at 250 rev. 
per min. There are two tvpes of driers; hot and cold. The 
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heat is generated by steam. Each heater is made up of 6000 
feet of one-inch pipe, and the heat is kept at a temperature of 
80 deg. cent. A cold air drier is also operated by a fan, taking 
a good deal longer than the hot air drier. From the driers the 
grain is taken to the storage tanks. 

Period of Shipping. The grain starts to move as soon as 
navigation opens and continues rather brisk until the bulk of 
the grain in storage, in the elevators and cars is shipped. This 
generally takes until the middle of June. The months of July 
August and part of September are slack; and the time is taken 
advantage of to make repairs, in readiness for the fall rush. 
This generally starts in the latter part of September (crop con- 
ditions govern this) and continues to the end of navigation. 
This is the busiest season of the year and the peak 1$ established 
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during this period. It 15 during this time that elevator companies 
get the best advantage of the maximum demand, as they run 
full 24 hours. As was before stated, navigation virtually closes, 
midnight December 5th, as the insurance runs out at that 
time; but a large number of vessel owners carry their own in- 
surance and continue carrying grain until the canals freeze up. 


CONCLUSION 


The dav load of an elevator is irregular, especially when the 
process of unloading cars and loading boats is іп progress, 
Fig. 9 shows a typical day load. 

The night load on the other hand 1s practically constant, and 
is the period taken advantage of. During the night there is 
very little loading or unloading, and the work done is principally 
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cleaning and conveying, the grain traveling in a continual stream. 
Fig. 10 shows а typical night load. 

In Fort Willam the power factor is maintained at 90 per 
cent while in Port Arthur it 1s 92 per cent. 

All the induction motors are squirrel cage type, ‘ protected 
and self ventilating.” The motors are all protected bx fuses 
and in most cases have a no-voltage release on the auto-starter. 
As a general rule the motor is either connected to its loag by 
chain or rope drive; a few are belt connected, while a few are 
geared. The trouble from break-downs and burn-outs, 1s almost 
negligible. With the use of vacuum cleaners and compressed 
air, and the proper care, probably not more than five burn-outs 
occur in all the plants in one season. The maintenance charges 
are very small as these plants seldom employ more than two 
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operators each. The operators as a gencral rule reccive $125.00, 
and $90.00 per month respectively. 


Cost Data OF STATIONS 

The cost per kv-a. for the average 22-kv. station, including 
buildings transformers, synchronous condensers, high- and low- 
tension apparatus, is from $37.777 (the lowest) to $42.75 per 
kv-a. š 

The cost for a 2200-volt station is from $35.65 to 39.72 per 
kv-a. 

POWER Cosrs 

As before stated the flat rate charges are $25.00 per h.p., 

while the maximum demand is figured on the following hasis. 


Max. demand in kw.............. 280 kw. 
Transformer losses on max. demand. 5} kw. 


TOGA REW "LC 2854 kw 

285% К\........: 383 h.p 

Kw-hr. consumption.......... 28140 kw-hr. 

Ist 50 hrs...... 2853 50.... 14,275 kw-hr. 

2nd 50 hr.......2851 50....14,275 kw-hr. 

OLA wens di dais оу ats 28,550 kw-hr. 

Kw-hr. consumption..........28,140 kw-hr. 
Ехсевв........................ 410 kw-hr. 

383 h.p. at $1 per h.p. per month........... $383.00 
lst 50 hr... . ..14,275 l-o cents. „куе ну» 189.85 
2nd 50 hr.......14,275 1 cent....... `... 142.75 
EXG658. 2214542 410 Осе .41 
Tota ЪТ У а еи жалын $716.01 
Discount 10 per сепб...................... 71.60 
Charges per month for 280 kw.............. $644.41 


This gives a rate of $27.618 рег kw. per annum, but as this 
bill was the first rendered and the average load per annum of 
40 per cent lower, it would be very misleading to quote any figure 
on the actual cost per kw. per annum. 
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FIELDS OF MOTOR APPLICATION 


— 


BY DAVID B. RUSHMORE 


ABSTRACT OF PAPER 


This paper is to serve as an introduction to a discussion on 
the subject of Fields of Motor Application. An industry is 
defined from an economic standpoint and a list of the principal 
industries is given. The special points of interest in an in- 
dustry are given and these are expanded to cover most of the 
items which would be of interest in investigating an industry 
from the standpoint of the application of electric motors. 


Tes NATURAL development of a country takes place 
through the successive activities of exploration, hunting 
and fishing, lumbering, mining, agriculture and manufacturing. 

Manufacturing is defined by the Centurv dictionary as “ The 
operation of making goods or wares of anv kind; the production 
of articles for use from raw or prepared materials by giving to 
these materials new forms, qualities, properties or combina- 
‘tions, whether by hand labor or machinery.” 

Broadly speaking, the world's activities consist of the pro- 
duction, transportation, distribution and consumption of the 
necessities of life which, in general, consist of food, clothing 
and shelter. This may be likened to the generation, trans- 
mission, distribution and utilization of electric energy. 

Raw materials, іп general, consist of matter and stored 
energy in various forms of fuel. Most industries can be classi- 
fied under the three general headings of food, clothing and con- 
struction. A somewhat more general classification is as follows: 

Stone, clay and glass products. 

Metals, machinery and conveyances. 

Wood manufacturings. 

Furs, leather and rubber goods. 

Chemicals, oils and paints. 

Printing, and paper goods. 

Textiles. 

Clothing, millinery, laundrv. 
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Food, liquors and tobacco. 

Water, light and powcr. 

The various industries of the United States and some statisti- 
cal information pertaining thereto are included in the follow- 
ing tables taken from the latest published Census Reports: 


MANUFACTURES IN THE UNITED STATES. 


(From Census Bureau’s Summary for 1909, issued April, 1912.) 
Statement of the general results of the Thirteenth United States Census of Мапи- 
factures. 


SUMMARY FOR THE UNITED STATES FOR 1909.” 


CENSUS. Per Cent of 
Increase, 

1909 1904 1904101909 
Number of establishments................. 268,491 216,180 24.2 
Persons engaged in manufactures.......... 7,678,578 6,213,612 23.6 
Proprietors and firm members. ............ 273,265 225,673 21.1 
Salaried employes....................... 790,267 519,556 52.1 
Wage-earners (average number)............ 6,615,046 5,468,383 21.0 
Primary horse ромет..................... 18,680,776 13,487,707 38.5 
Capital еше ики aco ER ex Ee E 18,428,270.000| 12,675,581,000 45.4 
Expenses............................... 18,453 ,080 000] 13,138,260,000 40.5 
DEEV о еске d os КР 4,365,613,000| $3,184,884 000 37.1 
В Т Т ie ee oe dee Me a d destacada $938 575,000] $ 574,439,000 63.4 
CIIM Dr E cate tae $3 427,038,000] $2,610,445,000 31.3 
Materials. 2 tue voee ЫЕ а pa ea АН 12,141,791 000} $8,500,208 000 42.8 
МізсеЙапеочв........................... $1.945,676,000} $1,453,168,000 33.9 
Value of ргодчс58........................ 20,672,052,000| 14,793,903,000 39.7 

Value added by manufacture (value of pro- 

ducts less cost of materials).............. $8 530,261,000] $6,293 695,000 35.5 


*Not including Alaska, Hawaii or Porto Rico. 


Manufacturing industrics are of interest from the stand- 
point of economics, finance and investment, labor, tariff, power 
consumption, etc. 


PoiNTS OF INTEREST IN AN INDUSTRY 


All industries are identified by the 
Finished Product, which 1s made from 
Raw Materials by a 
Manufacturing Process with an 
Equipment which is driven by 
Power and supplied with 
Labor ina 
Factory involving 
Costs and other features of interest; some of which are 
Transportation, Market, Competition, Financial Aspect, History, 
etc. 
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MANUFACTURES BY INDUSTRIES. 
Per Cent 
Average Value Value Increase in 
Industries. Number of Added Ten Years 
of Wage- Products by 
Earners. Manufacture (a) (b) 
Slaughtering and packing..... 89,728 | $1,370,568,000| $168,740,000| 29.5] 73.8 
Foundries and machine shops.. 531,011 1,228,475,000} 688,464,000} 24.4) 53.9 
Lumber and timber........... 695,019 1,156,129,000| 648,011,000) 36.6] 51.9 
Iron and steel, steel works..... 240,076 985,723,000)  328,222,000| 31.01 65.1 
Flour and grist mills. ......... 39,453 883,584,000| 116,008,000} 22.4| 76.2 
Printing and publishing....... 258,434 737,876,000| 536,101,000} 32.4| 86.7 
Cotton goods. ............... 378,880 628,392,000| 257,383,000| 25.1| 85.3 
Clothing, men's.............. 239,696 568,077,000| 270,562,000) 52.1| 75.4 
Boots and shoes.............. 198,297 512,798,000| 180,060,000| 31.1| 76.8 
Wollen, worsted and felt goods. 168.722 435,979,000| 153,101,000; 29.1) 75.2 
Tobacco... soe eee VE OR SoS 166.810 416,695,000; 239,509,000} 25.9; 58.0 
Carshops................... 282,174 405,601,000; 206,188,000; 62.5| 86.0 
Bread and bakeries........... 100,216 396,865,000;  158.831,000| 66.5] 126.3 
Iron and steel, blast furnaces... 38,429 391,429 000 70.791,000} 2.1) 89.3 
Clothing, women's............ 153,743 384,752,000] 175,964,000} 83.6] 141.5 
Copper, smelting and refining. . 15,628 378,806,000 45,274,000; 38.0} 129.4 
Liquors, malt................ 54,579 374,730,000| 278,134,000; 38.3] 58.2 
Leather cick a task eee Т 62,202 327,874,000 79,595,000} 19.4| 60.7 
Sugar and molasses not inc.beet 13,526 279,249,000 31,666,000] {41,3| 16.5 
Butter, cheese and milk....... 18,431 274,558,000 39,012,000! 44.0] 109.9 
Paper and wood pulp.......... 89,492 267,657.000 102,215,000; 53.0| 110 2 
Automobiles................. 75.721 249 202 000 117,556,000 |3278 .9|5148.6 
Биттііите:; a ees EN oe 128,452 239,887 ,000 131,112,000| 41.8| 83.6 
Petroleum refining............ 13,929 236,998,000 37,725,000} 14.2| 91.2 
Electrical machinery.......... 87,256 221,309,000 112,743,000] 107.7| 139.4 
Liquors, distilled............. 6,430 204,699,000 168,722,000} 72.8| 111.5 
Hosiery and knit goods........ 129,275 200,144,000 89,903,000! 54.5| 108.8 
Copper, tin and sheet iron..... 73,615 199,824,000 87,242,000| 92.1| 155.0 
Silk and silk goods............ 99,037 196,912,000 89,145,000} 51.4| 83.6 
Lead, smelting and refining. ... 7,424 167,406,000 15,443,000] 110.8 4.6 
Gas, illuminating and heating. . 37,215 166,814,000 114,386,000} 65.7] 120.3 
Carriages and wagons......... 69,928 159,893,000 77,942,000| 45.3) 16.6 
Canning and preserving....... 59,968 157,101,000 55.278,000 5.2| 58.2 
Brass and bronze............. 40,618 149,989,000 50,761,000, 49.5| 69.2 
Oil, cottonseed............... 17,071 147,868,000 28,035,000} 55.1] 151.8 
Agricultural implements....... 50,551 146,329,000 86,022,000 8.5| 44.6 
Patent medicines............. 22,895 141,942,000 91,566,000; 20.3} 59.9 
Confectionery............... 44,638 134,796,000 53,645,000] 66.2] 122.3 
Paint and varnish. ........ ЖҮР! 14,240 124,889,000 45,873,000} 46.8! 79.5 
Cars, steam railroad... .. .... 43,086 123,730,000 44,977,000! 28.8} 36.7 
Chemicals................... 23,714 117.689 ,000 53,567 ,000| 24.7| 87.6 
Marble and stone work........ 65,603 113,093,000 75,696,000| 57.4] 77.6 
Leather goods................ 34,907 104,719,000 44,692,000; 19.2] 73.3 
Allotherindustries......... 1,634,927 4,561,002,000! 2,084,399,000| 46.9] 100.7 
Allindustries, total............ 6,615,046 |$20.672,052,000158.530,261,0001 40.4| 81.2 
*In the year 1909. (a) Increase in average number of wage-carners, 1899-1909. 
(b) Increase іп value of products, 1899-1909. tDecrease. 


In the above table the industries are arranged in the order of their gross value of product. 
Some of the industries which hold a very high rank in gross value of products rank com- 
paratively low in the average number of wage-earners employed and in the value added by 
manufacture. Where this is the case it indicates that the cost of materials represents а 
large proportion of the total value of products, and that therefore the value added by manu- 
facture, of which wages constitute usually the largest item, is not commensurate with the 
total value of products. 
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In investigating or describing the application of electricity to 
various industries, the following subjects form a tentative and 
necessarilv incomplete list of the points of interest: 


FINISHED PRODUCT 


Description, Complete, Detailed, Condensed Composition, 
Chemistry. 

Uses of Product. 

Historical Sketch. 

Seasonal Production or Consumption, Opcration of Factory. 
To be sold for consumption or to pass through further manu- 
facturing processes. 

Ability to undergo Storage. 

Limitation regarding time of shipment and consumption as гс- 
lated to manufacturing, Dairy products, fruit, etc. 

Ability to withstand transportation. 

Conditions of boxing and other preparations for shipment. 

Factors or conditions which injure product. 

Quality of product, Affected by what factors? 

Size factor, per unit or per pound. 

Weight factor, Weight of shipping unit, also per cu. ft., etc., 
also per unit. 

Shipping by mail, express, freight; rates. 

Preparation for market. 

Specifications to be met. 

Tests. 

Grades and characteristics. 

Reputation, Brands, Trade Marks, etc. 

Substitutes. 

Product 1s sometimes, Labor or Service. 

Stock. 

Cost Analysis, Also diagram of general cost plan. 

Price fluctuation over term of vears. 

Production by countries and localities over term of vears. 

Consumption by countries, localities, trades, ctc. 

B v-products. 

Waste, Refuse, Scrap, Unsaleable Residue. 

Exports and Imports. 


RAw MATERIAL 


Source, Geographical, Manufactured. 
Classification, Grades, etc. 
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Export and Import. 

Production, Country, Seasonal. 

Control or Open Market. 

Natural or Manufactured Products. 

Limitation to Supply. 

Substitutes. 

Percentage Loss Necessary, Raw Material to Finished Product. 

Specifications and Tests, Inspection, Varieties, Grades, Im- 
purities. 

Purchasing. 

Storage. 

Stock to be kept on hand. 

Per cent of Cost of Product. 

Adulterants Used. 

Indications of Purity. 

Undesirable Ingredients. 

Ownership of Supply. 

Preliminary Treatment. 

Danger to which it 1s exposed, Depreciation with Age, Moisture, 
Heat, Cold. Vibration, etc. 

Seasonal Production. 

Price Fluctuations over Term of Years. 

Transportation, Costs and Ability to Withstand. 


MANUFACTURING PROCESS 


Characteristics of Raw Material as received. 

Preliminary Treatment Necessary. 

Description of General and Detailed Steps in Process by which 
the Raw Material is Converted into Finished Product. 

Particular Requirements of Process as regards Time, Temper- 
ature, Pressure, Power, Speeds. 

Critical Points in Process, Method of Determination, Precautions. 

Diagram of Flow of Material through Process. 

Possible points for improvements. 

Alternative processes possible with relative advantages and 
Disadvantages of each. 

Mixtures of ingredients to be used with specifications and the 
results of variation of quantity and quality. 

Result of stoppage of any part or all of plant. 

Use of steam for manufacturing purposes. 

Use of Water, Gas, Oil and Coal for manufacturing purposes 
other than power. | 
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EQUIPMENT AND POWER 


List of steps in Process and Description of Machine used for 
each step. 

List of Manufacturers of each kind of Machine. 

Load Curves or Duty Cycle of each Machine. 

Conditions, of Starting, Accelerating, Running, Braking, Re- 
versing, etc. 

All Factors involved in the Motor Application such as At- 
mospheric Conditions, of Dust, Injurious or Inflammable 
Gases; exposure to outside heat, vibration, noise, safety 
precautions, illuminations, accessibility of repairs, use of 
flywheels, protection for belts, etc.; method of mounting, 
method of drive, ventilation, shaft extensions, lubrications, 
clutches, oil drainage, type of frame, methods of adjust- 
ment and alignment, etc, etc. 

Photographs and Drawings of Machines showing mounting of 
Motor and Control wherever possible. 

Points determining Type and Capacity of Motor. 

Points determining Type and Capacity of Control. 

Distributing System. 

Generating System. 

Methods of Measuring Power Consumption. 

Important Points in Power Contract. 

Cost of Manufactured or Purchased Power. 

Load Curve of Plant as a whole. 


FACTORY 


1. Location of factorics manufacturing product with reasons 
for such location: and output of each. 

2. Ground plan of factory showing generating plant or sub- 
station, Buildings, Location of machines, Path of flow of 
materials, etc. 

3. Elevation of principal buildings where this will give desirable 

information. 

Diagram of electric distributing circuits. 

Storage facilities for raw material and product. 

Methods of illumination. 

Safety precautions. 


sens 


LABOR 
1. Location of factory. 
2. Existence of special class of labor especially skilled 1n industry. 
3. Curve of wages over term of years. 
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p 


Relative labor efficiency. 

5. Relative costs of operations by hand labor and electrically 
driven machinery. 

6. General intelligence of labor and care of apparatus which: 
may be expected. 

Costs 

. 1. Diagram and detailed description of methods of estimating 
cost of product and of factors involved. 

2. Tabulation of cost factors in per cent of the whole, showing 
the relative importance of the items of power, labor and 
materials. 

3. Indicate directions in which effort can be most advantage- 
ously employed toward saving in cost and improvement in 
quality of product. 

4. Outline in detail economic value of electric drive. 

As a factor of greater efficiency and saving in power cost. 

As allowing the purchase of power and therefore the reduction 
of capital investment. 

Increased production for a given equipment. 

Improvement in the quality of product due to constant speed. 

The possibility of centralizing the power supply. 

Simplicity in power transmission and distribution. 

Convenience in location of machinery with reference to pro- 
duction rather than to power transmission system. 

Ease of making changes. 

Reduction of friction losses. 

Improved cleanliness and better light and safety due to absence 
of larg» number of belts. | 

Greater reliability in operation. 

Possibility of sclection of suitable motors. 

Ease of control. 

Possibility of remote and automatic control. 

Possibility of recording power consumption and of investigating 
the operation of machinery. 

Time economy and possibility of sectional operation of shop or 
factory, making the power consumption approximately 
proportional to the work. 

The following diagram of costs is impersonal and does not 
represent the practise of any one particular company. The 
proper method of estimating costs is, however, so little under- 
stood by manufacturing concerns that but few include all of 
the items which really make up a part of the total expense in- 
volved in the production of a product. 
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In order to appreciate the economic part played by the elec- 
tric motor in manufacturing industries it is necessary to have 
the detailed cost sheet. The valuation of the various factors 

: of advantages of the electric motor application, other than 


ITEMS IN THE COST OF A FINISHED PRODUCT 


г = = ы = | Е а-а xr m ете -——— | == ОЖ . 
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MAINTENANCE .AND REPAIRS 


those involved in the direct reduction of power cost, is a treat- 
ment so special as to necessitate its separate statement for 


each industry. 
The object of this paper is to give a brief outline of the points 
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of interest in industry and to point out the factors involved in 
the application of electric motors to manufacturing purposes. 
It is intended to serve as an introduction to a discussion which 
will bring out the points of interest in the various industries in 
which the electric motor has been applied. 

This paper is the fourth and last part of a treatment of In- 
dustrial Power Applications, the other parts of which have been 
Electric Motors, Electric Controllers, and the Factors Involved 
in Motor Application, which were presented respectively at 
the New York, Pittsburgh and Cleveland Mectings. 
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AN INVESTIGATION OF DIELECTIC LOSSES WITH THE 
| CATHODE RAY TUBE 


— 


BY JOHN P. MINTON 


ABSTRACT OF PAPER 


This paper discusses the theory of the cathode ray tube watt- 
meter and shows how it can be used to determine directly the 
power factors ofinsulations. The current and voltage are meas- 
ured independently so that the dielectric losses in insulation 
can be calculated. Such measurements can be made up to the 
breakdown voltage of the material being tested. 

The development of the cathode ray tube and its auxiliary 
apparatus is discussed. 

Measurements of dielectric losses, power factors, and currents, 
for varnished cloths and oil-treated pressboard are given. The 
measurements have been made at 60 cycles at different voltages, 
temperatures, and moisture contents in the case of pressboard. 
Curves are given showing the losses, power factors, and currents 
plotted against voltage, temperature, and per cent absorbed 
moisture. | 

Empirical equations are derived for all the curves. It is 
shown that watt losses may vary from the 1.32 to the 2.52 
power of the voltage. The losses and currents can be expressed 
by an equation of the form; K, + К.Ү", where Y may be tem- 
perature in deg. cent. or per cent absorbed moisture. The 
same form of equation holds for the power factors up to about 
85 per cent. The equations given show that the exponent л 
may vary from about four to seven, depending on the conditions 
of the tests and on the nature of the insulations. 

The large and harmful effects of moisture are clearly shown 
by the results, and the weakening effects due to high temper- 
ature are of much importance. 


INTRODUCTION f 

AREFUL study of insulating materials - is becoming 
more and more important. Formerly, if ап insulating 
material was not satisfactory, it was discarded and a new one 
substituted. In this way considerable progress was made. 
However, as the number of possible insulators became less, it 
became more evident that it was necessary to study the elec- 
trical properties of these with the hope of improving them. 
Today, this tendency toward a careful study of various dielec- 
trics is quite prominent, and it is certain to become much more 
noticeable in the near future. Certainly we are now looking 
toward improvement in all kinds of insulations, and 1n seeking 
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this improvement, the most careful and thorough investiga- 
tions cannot be over-emphasized. 

Heretofore, the electrical tests made on insulation have 
largely been voltage tests, capacity and resistance measure- 
ments. The voltage tests are important because insulation 
must be able to withstand continued application of voltage 
and sudden voltage increases such as occur in transient phe- 
nomena. These tests reveal very little about the insulation 
because either it does or does not withstand them. This is 
really about all they do tell us, because if the insulation is 
broken down, no further test can be made on it, and if it is not 
broken down, we can sav nothing regarding its value as com- 
pared with other insulation which fails to break down under 
test. Capacity measurements are only made at low voltages 
and not at anything like normal operating voltages. Such 
measurements are important in helping one to select the proper 
insulation, but no one would decide to use a certain kind of in- 
sulation from consideration of capacity measurements only. 
These measurements do not tell us enough. In the same way 
resistance measurements do not tell us enough, and indeed it 
is difficult to say what the resistance of a piece of insulation 
is except for direct currents, which at the present time are of 
much less interest to the engineer than alternating currents. 

On account of the inadequacy of the three kinds of electrical 
measurements mentioned on insulation, the measurement of 
dielectric losses and power factors of insulations becomes of 
much importance and of great interest. By means of such 
measurements, one is able to study a piece of insulation up 
to almost the breakdown point under a variety of conditions 
and over and over again. He can continue these measure- 
ments until the insulation finally breaks down, and will know 
what is happening within it up to this point. Such measure- 
ments will reveal to us more about insulation than all the three 
tests referred to above. If scientific progress in insulation 
engineering is to be made, then measurements of dielectric 
losses, power factors, and currents will prove most valuable in 
pointing out ways of advance and in keeping us off wrong paths. 

In searching the literature, one at once realizes that very few 
extended researches have been conducted along the line of dielec- 
tric losses. The most notable ones have been carried out in 
England during the past few years by E. H. Каупег,! by С. 

1. “ High Voltage Tests and Energy Losses in Insulating Materials” 
E. H. Rayner, Journal Inst. Elec. Engrs., Vol. 49, рр. 3-89, 1912. 
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С. Paterson, E. H. Rayner, and А. Kinnes?, and by Fleming 
. and Dyke. The latter made use of the bridge method, while 
the two former made use of the electrostatic wattmeter. Both 
. of these methods have the disadvantage of being limited in the 
voltage at which they can be used, and the electrostatic watt- 
meter is a very troublesome instrument with which to work. 
The whole reason why such measurements have not been car- 
ried out on a large scale before is because one is confronted with 
the difficulty of securing instruments which will measure small 
losses at very high voltages. Prof. Ryan first suggested the use 
of the cathode ray tube for this purpose and showed‘ how it 
could be used by giving a number of examples of measurements 
made with it. The development of the cyclograph, which is 
the name given to the cathode ray tube wattmeter was begun 
in 1911 at the Pittsfield Laboratory, and has been accomplished, 
so that it is a satisfactory apparatus to measure dielectric 
losses up to almost any desired voltage, from very small to large 
losses, and from low to high frequencies, so long as a continuous 
alternating potential is available. The cyclograph has been 
in continuous use in this laboratory during the past two years, 
and a large amount of valuable information has been gained 
both on cathode ray tubes and on insulation. The application 
of the cyclograph to this work, its development, some of the 
results obtained with it, and a study of dielectric losses made 
possible by its use, are embodied in this paper. Since the 
writer has had little assistance from current literature, he can- 
not hope to say the last word, or even avoid making wrong 
inferences. The results and information set forth in this paper 
may be considered as opening up a new avenue for insulation 
research for both the electrical engineer and the scientist. 

At this point the writer acknowledges his appreciation of 
the kind interest taken in this work and the helpful suggestions 
of Mr. A. McK. Gifford, in charge of the Pittsfield Laboratory, 
and Mr. C. R. Blanchard, in whose section of the laboratory 
the work has been done. He is also indebted to Mr. W. C. 
Slade, of this laboratory, for his willingness to do the necessary 

2. “Use of the Electrostatic Method for Measuring Power." 
C. Paterson, E. H. Rayner, and A. Kinnes. Journal Inst. Elec. Engrs, 
July, 1913, pp. 294-360. 

3. “' Energy Losses at Telephonic Frequencies.” Fleming and Dyke, 
Journal Inst. Elec. Engrs. Vol. 49, p. 323, 1912. | 

4. А Power Diagram Indicator, Harris J. Ryan, А. Г. Е. E., Vol. 30, 
pp. 511-535, 1911. 
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glass-blowing m order that this work could be made possible. 
To the other men in the laboratory, who have assisted in this 
work either by suggestions or otherwise, the writer expresses 
his gratitude. 


I. OBJECT OF THE INVESTIGATION 


The object of the present investigation was three-fold. First, 
to show the usefulness of the cathode rav tube in studying the 
dielectric losses which occur in 
insulations. Second, to meas- 
ure dielectric losses, power 
factors, and currents at differ- 
ent voltages and temperatures 
in different insulations under 
various conditions. Third, to 
obtain a better understanding 
of the mechanism of dielectric 
conduction and to obtain em- 
pirical laws governing the 
electrical phenomena occur- 
ring in insulation when it is 
subjected to high voltage 
stresses. Тһе results which у 
have been attained апа the / 
information acquired through t. 
this investigation show that 
this three-fold object, has 
been accomplished. The re- 
sults of this work will now be 
given. 


II. METHOD OF DETERMINING DIELECTRIC LOSSES 


Fic. 1 


Since the method of determining the dielectric losses with 
the cyclograph is quite different than that described by Prof. 
Ryan, it will be necessary to show how the apparatus is used 
for this purpose. The cathode ray tube, М, is an evacuated 
glass tube of the dimensions and shape shown in Fig. 1. Under 
the proper conditions, a direct potential of about 20,000 volts, 
applied between the cathode C and the grounded anode, A, will 
cause a stream of cathode rays to originate at the cathode and 
travel at a very high velocity toward the other end. It is 
necessary to have C the negative terminal because the cathode 


5. Loc. Cit. 4. 
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rays consist of electrons which possess negative charges. A 
grounded brass diaphraym, d, intercepts all these rays with 
the exception of those which pass through a round hole about 
1/32 in. in diameter in this diaphragm. This small pencil or 
bundle of rays travels to the lower end of the tube where it 
strikes the fluorescent screen S. This fluorescent screen is 
usually made of calcium tungstate (Ca WO.), or zinc sulphide 
(ZnS), or some other salt which is strongly fluorescent when 
subjected to the bombardment of cathode rays. For a fuller 
discussion of the cathode rays and their properties, the reader 
is referred to a recent article by the writer. А more complete 
discussion on the cyclograph will appear in another section, 
but this will be sufficient to understand the theory of the ap- 
paratus. 

Theory of the Cyclograph. In order that the fluorescent 
figure on the screen may be symmetrical with 
respect to the center, it is necessary in this 
scheme to use two pieces of similar insulation. 
These two pieces are represented by A and B 
and placed between the test terminals in the 
oil-box, O, as shown in Fig. 1. Suppose now 

Fic. 2—Ficures @ high-potential sine wave is applied to these 
PRODUCED By THE test pieces by’means of the transformer 7, 
FLUORESCENT SPOT and that it is desired to measure the dielectric 
ON THE SENSITIVE [055 in them. Fig. 1 shows the diagram of 
SCREEN 5 А 

connections to be used. For this purpose, а 
sine-wave potential, proportional to the voltage across the test 
terminals in the oil-box is applied to the potential quadrants, 

2, 42. This potential is obtained from the air potential con- 
denser C3, as shown in the diagram. It may be represented by: 


e = eo sin pt _ (1) 


This potential produces the deflection of the cathode ray spot 
on the fluorescent screen 5, as shown by bb in Fig. 2. Since 
the cathode rays possess no appreciable inertia, it follows that 
this deflection is directly proportional to E, so that 


b = ky eo sin pt | (2) 
То the current quadrants, gı qı, is applied a potential ei, 


proportional to the current passing through the insulation under 


6. " Cathode Rays and Their Properties.” J. P. Minton, General 
Electric Review, Vol. 18, pp. 118-125, 1915. 
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test in the oil box. This potential is obtained from the air, 
current condensers, C; and С», as shown in Fig. 1. The voltage 
across an air conderiser is directly proportional to the current 
passing through it. The current that passes through these 
condensers 1s that which passes through the insulation under 
test, and it may be represented by: 


i = 1,віп (pt + 0) (3) 


where Ө is the angle of lead of the current over the voltage 
applied to the test terminals. Since 7 leads e, by 90 degrees 
and since z is proportional to ei, we have from equation (3): 


е = kı Го cos (pt + 0) (4) 


This potential е produces the deflection aa of the cathode ray 
spot as shown in Fig. 2. The deflection is proportional to 61, so 
that 

а = k Го cos (pt + 0) (B) 
Placing a = x, b = y, and ko 6 = Re Eo, we have, rewriting equa- 


tions (6) and (2) 


k Го cos (pt + 0) (6) 
ko Е, sin bt (7) 


x 


and | y 


When both of these potentials act on the cathode ray stream 
simultancouslv, an ellipse is formed on the screen, S, by the 
fluorescent spot, in Fig. 2. The area of this ellipse is given 


by. " 
A= IE (8) 


0 


Making use of equations (6) and (7), we obtain from equation (8) 


A = -Е Р» Eo “| sin pl sin (pt + 0) bP dt (9) 
0 ; 


OT 
2х 


А = —k k; Eo Do (cos Ө sin? pt + sin @sin pt cos pt) pdt (10) 
0 
Integrating and placing in the limits of integration we obtain. 


А = —т k k, Ey Io cos Ө (11) 
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Placing —тЁ ke = a constant, and replacing the maximum 
values of Ё, and Го by their effective values E and Г, we have; 
А = KE I cos Ө | (12) 


Now, E = the voltage applied to the system, J = current 
passing through the insulation, and cos 9 = the power factor 
of the system. Therefore, the area, A, of the ellipse is pro- 
portional to the power lost in the insulation and air condensers, 
C; and C2.’ Since the loss in the air condensers is negligible, 
we see that the area of the ellipse is proportional to the dielectric 
loss in the two pieces of insulation under test. This is the same 
result obtained by Prof. Ryan by a different line of reasoning. 
However, the use of the cyclograph in this manner would re- 
quire calibration under various conditions in order to determine. 
the multiplying factors necessary to reduce the area to units 
of power. Calibrations are not pleasant things to obtain, and, 
fortunately, they are not at all necessary. These calibrations 
are avoided by the use of the cyclograph as a power factor and 
meter by measuring the currents and voltages independently. 
These two latter quantities can be determined without trouble 
and we shall see that the power factors are easily obtained 
from photographs taken of the fluorescent figure. 

Use of the Cyclograph as a Power Factor Meter. Equation 
(12) gives the area of the ellipse when the power factor of the 
circuit (consisting of the two test pieces and air condensers 
Cı and С») is equal to cos 9. If the power factor of the circuit 
were unity instead of cos 0, then the area, Ao, of the ellipse . 
would be equal to KEI, and it is represented by the dotted 
ellipse in Fig. 2. It is evident that 


A KEI cos 0 


шд 2 dang cos 0 (13) 


A can be obtained by measuring the major (а’) and minor (5’) 
axes of the actual ellipse formed by the fluorescent spot on 
the screen, S;- Ао can be obtained by measuring a and b, Fig. 
2. Hence, cos 0 can be determined by applying equation (13). 
This makes it evident that it is advisable to make three ex- 
posures for each photograph, one of the ellipse, one of the 
deflection a, and one of the deflection b. However, one ex- 
posure, that of the ellipse, would be sufficient to determine 
cos 0. These photographs are taken at an angle as indicated 
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in Fig. 1, but on account of taking the ratio of A to Ao, no 
errors are introduced іп the values obtained for cos 0. 

Equation (13) gives the value of the power factor of the 
circuit, but one desires the power factor of the insulation which 
is being tested. This is obtained from Fig. 3, which is the 
vector diagram for the circuit consisting of the two test pieces 
and air condensers С, апа Сз. The voltage across this circuit 
is represented by E, and the current passing through it is rep- 
resented by Z leading E by ап angle 0. e| is the potential 
drop across the air condenser, and it is at right angles to J. 
Е’ is the voltage drop across the insulation, and 0” is the phase 
angle between J and Е’. The power factor of the insulation, 
therefore, is cos 9’, which is the one sought. It can be de- 
termined as follows: 


sina = an cos 0 
Е’ 


cos 6” = cos (6 — a) 


From which it follows that: 


cos 9’ = E sin 0 cos 0 + cos өл 1 == cos? 0 (14) 


ey ; ; 

| Eu cos? 0 is of such a value that it can be neglected and 
in doing so, an error not greater than 0.7 per cent will be in- 
‘troduced in the values obtained for cos 9’. Hence equation 
(14) becomes approximately, 


Now 


cos 6’ = cos 0 + эү? sin 2 0 (15) 
Below we shall все how to determine e; апа Е’, and from equa- 
tion (13) we can calculate 9. Hence, by substituting the values 
for these three quantities in equation (16), we obtain the values 
for cos 0”, the power factor of the insulation being tested. The 
value of the correction term in equation (16) is obtained by 
plotting cos 0 vs. 3 sin 20. Then, when we know cos б, we 
can get values for 1 sin 20 from the curve. Multiplying these 
values by е, and dividing by Е’, we obtain the corrections. 
These corrections amount from about 0 to 10 per cent of cos 
0, depending on the conditions of the tests. 


1915] MINTON: CATHODE RAY TUBE 1123 


Measurement of Current. The current that passes through the 
insulation also passes through the air condensers C; and С). 
Under normal conditions, the current passing through any air 
condenser is given by 


I=2af Ce, X 10-8 amperes, (16) 
where е, = potential in volts across the condenser, 


C = Capacity in mfds. of the condenser, 
f = frequency of the applied potential. 


So that this equation can be used to obtain the current passing 
through the insulation. 

The voltage, ei, across the air condensérs has been determined 
with a 120-volt Kelvin electrostatic voltmeter used either 
with a shunt or with two auxiliary condensers one connected 
on each side of the ground between С, and Сз in Fig. 1. In 
the first case the voltmeter was calibrated to read directly the 


C ; € Я š 
| К'лүв tz 
П Hi 


E d а 
е. uu л с TTA Y 
gocce 54 
Srne = ажын seu rd 
Fic. 3--УЕстов DIAGRAM FOR ‘а. 
‘TESTING CIRCUIT Fic. 4 


` 


voltage across the two condensers C, and (x. In the second 
case, the voltmeter was calibrated to read directly the voltage 
across these two condensers plus the two auxiltary condensers. 
The second method has proved much morc reliable because 
one terminal and the metallic case of the electrostatic voltmeter 
can be grounded, and the auxiliary condensers are sufficiently 
large to permit the 120-volt Kelvin meter to be connected directly 
across them. The first scheme is represented in Fig. 4a and the ` 
second in 4b. In 4b, the average of the readings across A and 
B is taken to represent the value of е to be used.. е varies 
from 600 to 3000 volts, depending on the conditions of test. 
This second method is quite satisfactory, and can always be 
relied upon to give accurate results. The shunt method is 
objectionable because it requires a verv small capacity for the 
shunt, and it is affected by disturbing influences, which will 
not affect the second method in the least. These two auxiliary 
condensers, A and B, have sections of different capacities and 
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one section or another can be switched in or out depending on 
the amount of current passing. They are made of paraffine 
treated bond paper and each occupies a space 10 in. by 8 in. 
by 2 in., being firmly constructed so as not to undergo any 
change in capacity. The loss in these paraffine condensers is 
less than one part in two or three hundred of the total losses, 
so that they introduce no appreciable error in the results. 

The air capacities, C1 and C2, or these in series with the two 
auxiliary condensers A and B, range from about 0.003 to 0.015 
microfarads. This range has been found sufficient for this 
work on dielectric losses. The frequency of the applied poten- 
tial is measured without any difficulty. "Therefore, the current 
can be calculated by means of equation (16). The current 
per sq. cm. can be obtained by dividing the total current by 
the area of the testing terminals; all the current values given 
in this paper are in milliamperes per sq. cm. The test ter- 
minals used were either 20 or 25.4 cm. in diameter, and results 
_ obtained with 10-cm. terminals were the same as those obtained 
with the 25.4-cm. ones, so that the edge effect was negligible. 

Measurement of Voltage. The voltage, E, applied to the test 
terminals, was obtained by reading the voltage on the low side 
of the testing transformer, and calculating E by the ratio of 
transformation. This ratio was 87:1, and was accurately de- 
termined. Тһе voltage Е”, across the insulation can be cal- 
culated from the equation: 


E = V Е + е — 2 Ее, sin 0 (17) 


This equation can be derived from the geometry of Fig. 3. E, 
e, and 0 are known as explained above, so that E’ can be cal- 
culated. | | 

Calculation of Losses. The watts lost in the two pieces of 
insulation under test are given by the equations: 


W = E' I cos 0” (18) 
or 
W = EI cos 0 (19) 


Where the potential and current are in volts and amperes 
respectively. Equation (18) is the one that is always used, for 
it is desired to know both the voltage across the insulation 
and its power factor. This gives the total watts; watts per 
cu. cm. can be obtained by dividing the total watts by the 
actual volume of insulation under test. 
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One is likely to imagine that considerable time is required 
to secure data for one point, that is, data for calculating the 
power factor, the current, the voltage and the watts. As a 
matter of fact about 30 seconds are required to make the three 
exposures for each photograph, and about a minute more 1s 
required to obtain all the other necessary readings. We thus 
see that a considerable amount of data may be taken in a very 
short time. In about 10 minutes, we can secure data to give 
curves showing watts vs. voltage, current vs. voltage, and 
power factor vs. voltage. 

An illustration of the cyclograph as it is set up in the small 
dark house, is shown in plate XLIX. Reference will be made 
to this in the section devoted to the development of the cyclo- 
graph, which will now be considered. 


ПІ. DEVELOPMENT OF THE CYCLOGRAPH 


A great deal has been written on the cathode ray tube but, 
regardless of the information given in the literature, it was found 
necessary to practically develop the tube from the beginning 
and to study carefully its characteristics. Little assistance has 
been derived from the literature because the object of this work 
was to develop tubes for commercial purposes. The tubes, 
therefore, must be reliable and constant in their operation over 
a period of several years. Tubes which will fulfill the require- 
ments for this purpose must necessarily be superior to those 
required perhaps a few times a year. Tubes which are satis- 
factory to carry out investigations extending over a period of 
a few days or weeks, would not prove of value for investigations 
covering a period of several years. The desirability of having 
tubes ready for use at any time, just as a galvanometer is, has 
constantly been kept in mind. It is the writer’s belief that 
this has now been accomplished, and tubes which have been used 
continually during the past two years indicate that reliable ones 
can be built without much difficulty. 

Some of the important observations made in the development 
of the cyclograph and a comparison of the results obtained with 
those of other investigators will be given. A more detailed 
account of this is to be published elsewhere,’ and it will not 
be necessary, therefore, to go into too much detail here. Refer- 
ence should be made to the above mentioned article if one 
desires to go into this subject more fully than given below. 


7. General Electric Review, July, 1915. 
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Vacuum Characteristics. Attention will first be given to the 
vacuum characteristics of cathode ray tubes. In the literature 
on this subject one will find that reference is made to trouble 
encountered with “hardening " and “softening” effects in 
these tubes. Тһе '' hardening ” is an increase and “ softening ” 
a decrease of the vacua. These changes may occur either during 
operation or at other times. Several suggestions? have been 
made to counteract or eliminate these effects. There are four 
methods. The first, an auxiliary side tube made of platinum, 
or better still palladium, through which gas can enter the tube 
when the metal is heated for a few seconds at red heat. This 
method allows a reduction in vacuum but is useless for increasing 
it. The second, an auxiliary side tube containing acid sodium 
carbonate has been emploved. This salt liberates a gas when 
a discharge of electricity takes place through it. Consequently, 
this auxiliarv side tube possesses an electrode, and by passing 
a discharge between it and the anode the vacuum is reduced. 
This scheme, therefore, allows onlv a reduction in vacuum to 
be obtained. А third method 1$ to have a side tube connected 
to the main tube through a stop cock. If the pressure becomes 
too small, a little gas 1s admitted from this side tube. Another 
side tube containing platinum-black, which readily absorbs 
large quantities of gases, 1s also connected to the cathode ray 
tube through a stop-cock. If the pressure becomes too great 
the platinum-black is allowed to remove a sufficient quantity 
of gas to give the desired vacuum. The fourth method is to 
have the cathode rav tube connected continually to an exhausting 
system. The vacuum can then be adjusted at any time to any 
desired degree. 

Evidently, the first two methods of vacuum regulation are 
unsatisfactory for commercial work. 

The third scheme is not suitable because slight changes іп 
pressure affect the operation of the tubes greatly, and it is diffi- 
cult to obtain fine regulation by operating stop-cocks. Such 
a scheme as this makes the construction of the tubes more 
complicated. 


8. (a) Loc. Cit. (4), p. 530. 
(b) “ Apparate und Verfahren zur Aufnahme und Darstellung 
von Weckselstromkurven und elektrischen Schwingungen." H. Haus- 
rath; Helios. Fach—dZettschift Fur Elektrotechnik, Zeite 527, 1914. 
(c) Siehe 2. B. Fortschnitte auf dem Gebiets der Rontgenstrahlen 
Bd 18, Heft 2, 1912, Heinz Bauer. 
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Likewise, the fourth method is unsatisfactory for one cannot 
afford to have suitable vacuum pumps installed where he desires 
to use the tubes. | 

These difficulties and objections lead to the belief that if 
satisfactory tubes were made it would be necessary to have them 
maintain constant vacua of the desired magnitudes under all 
ordinary conditions af operation. The development of such 
tubes was undertaken. It was finally shown that the vacuum 
“ softened " because too much gas was adsorbed on the surface 
of the electrodes and glass walls. After the tubes had been 
operating for a few minutes, the vacua would rapdily decrease 
and would be entirely unsatisfactory for use. If too much 
adsorbed gas was liberated, then the tubes “ hardened ” be- 
cause some of the gas was withdrawn from the interior of the 
tubes and adsorbed on the walls and electrodes. It was found, 
however, that if the tubes were exhausted three or four hours at 
perhaps 350 deg. cent. sufficient adsorbed gases were liberated 
from the glass walls and electrodes to maintain constant vacua 
over long periods of time. One tube has now maintained a 
constant vacuum for almost two years and there is no indication 
that it will not maintain this vacuum for a number of years, 
although it is used almost daily. Not one exception to this rule 
has been found. Some tubes have been operated about ten hours 
continuously with such strong rays that one could not touch the 
glass around the cathodes without receiving severe burns. Even 
in these most extreme cases, the vacua remained constant. It 
may be said, therefore, that when tubes are exhausted in this 
manner they will maintain constant vacua, thus requiring no 
vacuum regulators of any kind. This is not only a great im- 
provement over tubes of other makes, but it insures reliable ones 
for experimental purposes. 

It should be stated that one should be careful not to allow 
the pressure to increase to atmospheric value when once the 
tubes have been exhausted at a high temperature. If this should 
occur, it may be necessary to re-exhaust them at a high tem- 
perature in order to eliminate possible vacuum troubles. This 
has been found necessary several times. | 

Electrostatic Charges on Glass Surrounding Cathodes. Another 
difficultv was encountered in the development of cathode 
ray tubes. This difficulty was due to electrostatic charges which 
accumulated on the glass surrounding the aluminium cathodes. 
These charges were of a positive sign and, since the cathodes 
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where negative, it meant that discharges would occur between 
the cathodes and glass as soon as the potential differences reached 
a sufficient magnitude to cause the discharges. Such dicharges 
always caused the cathode ray streams to be unsteady, and fre- 
quently resulted in flash-overs within the tubes between the 
cathodes and anodes. The flash-overs were prevented by the 
use of high resistances (perhaps 100,000 ohms each), such as 
high resistance lightning arrester rods, in the cathode leads. 
These resistances should connect immediately to the cathode 
terminals as shown by r in Fig. 1. These resistances not only 
prevent flash-overs, but they also cause the tubes to operate 
much more steadily. They do not, however, prevent discharges 
from occurring between the cathodes and the 
glass surrounding them. A number of in- ~ 
vestigators have encountered this difficulty 
and have tried to eliminate it in various ways. 
To avoid this trouble Dr. Zenneck® surrounded 
the cathodes with glass formed into small cups 
as illustrated in Fig. ба. КозсрапзКу for 
the same purpose, placed behind the cathodes 
metallic screens and filled the space between 
these and the glass with ruffled tinfoil leaves. 
This scheme is illustrated in Fig. 5B. where 
S 1s the metallic screen апа L the ги еа tin- 
foil leaves.  Grundelach, in his tube, made 
the cross section of the cathode almost large 
enough to fill the tube as illustrated in Fig. 5c. 

A tube of Dr. Zenneck's design made in 
Germany was tried but the glass “ Hinter- 
kleidung " did not prevent static discharges between it and 
the cathode. It did, however, prevent them from occurring 
between the cathode and the glass wall of the tube. The 
discharges between the cathode and the glass “ Hinterklei- 
dung ” caused unsteady cathode rays. The size, shape, and posi- 
tion of the cathodes and the kind of glass used have a great deal 
to do with the accumulation of these static charges and with 
the operation of the tubes. For example, cathodes of the shape 
shown in Fig. 5p give much trouble on account of the frequency 
of static discharges between them and the glass. Cathodes of 
the form shown in Fig. 5E are the most satisfactory; those il- 


9. Zenneck—Weid Ann 69, p.842, 1899. 
10. Roschansky-Ann d. Phys. 36, p. 281, 1911. 
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lustrated in Fig. 5c are quite satisfactory. It was found, how- 
ever, that none of the schemes, with the exception of Roschan- 
sky's, which has not been tried, would prevent the trouble due 
to static discharges. 

It was evident, therefore, that this trouble must be avoided 
by other means. It was noticed that tubes whose vacua “ soft- 
ened " during operation never gave any trouble due to these 
electrostatic charges. Tubes which had been exhausted several 
hours at a high temperature in order to eliminate vacuum changes 
are always unsatisfactory because of the difficulty with the 
charges. Since the adsorbed gases are liberated from the glass 
during exhaustion at about 350 deg. cent., it would seem that 
the reason the charges accumulate during operation of the tubes 
is on account of a film of gas on the glass being necessary for con- 
ducting away the charges. If a sufficient film is present on the 
glass, the charges are conducted to the cathodes and there neu- 
tralized, but if the film is removed, then the charges accumulate 
until they are neutralized by discharges between the cathodes 
and the glass. This phenomenon occurred with any form of 
cathode and with any kind of glass. It should not occur, say, 
in a tube whose cathode-end was constructed as shown in Fig. 
бе where М is a metallic screen. This construction, however, 
was not necessary, for the following scheme of exhaustion was 
found to eliminate all trouble of this kind. The idea was to 
remove a sufficient amount of the film of gas by exhausting the 
“tubes at a high temperature, in order to allow a constant vacuum 
to be maintained and still leave on enough of the film to conduct 
away the charges which collect on the glass surfaces. After 
some experimenting, it was found that if the tubes were exhausted 
at about 350 deg. cent. for perhaps a half hour, the vacua would 
remain constant during several hours of continuous heavy opera- 
tion, and no trouble would be experienced on account of charges 
on the glass surrounding the cathodes. Exhaustion at a high 
temperature for this time was sufficient to avoid vacuum changes 
over long periods. "This method of exhaustion has been tried 
on a number of experimental tubes and found to be satisfactory. 
One reason, therefore, why this trouble has been encountered so 
much is because the tubes have been exhausted for too long 
periods! at high temperature in order to avoid vacuum changes. 

Regarding the kind of glass which will prove most satisfactory 
it may be said that soft sodium glass has given less trouble with 


11. Loc. Си. 8: (b) р. 527. 
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these static discharges than any other glass tried. This glass is 
also easy to work, and it is easier to adjust the time of ex- 
hausting at a high temperature to eliminate static charges and 
maintain a constant vacuum with this glass than with other 
kinds of glass tried. 

Auxiliary Apparatus. Under auxiliary apparatus are classed 
the deflecting quadrants, means of exciting the cathode ray 
tube, the focusing coil, and the potential and current condensers. 
These will be briefly discussed іп the order given. 

(a) The Deflecting Quadrants. The method used to deflect 
the cathode rays is an electrostatic one, and for various reasons 
practically all investigators have the deflecting quadrants placed 
within the tubes instead of outside as shown in Fig. 1. If the 
deflections are proportional to the voltage impressed on the 
quadrants, then it is not at all necessary to place them within 
the tubes. "These tubes have been in use during the past three 
years in the laboratory and it has never been found necessary 
to have the quadrants inside the tubes. With the single excep- 
tion, described below, this law has always been obeved. Since, 
therefore, these quadrants can be placed outside the tubes, it 
greatly simplifies their construction. It also permits easy 
adjustment of the magnitude of the deflections, a thing which 
is highly desirable in this work. The quadrants are made of 
pieces of brass about 0.5 in. by 1.0 in. and they must be supported 
by a material which has a verv high insulation resistance and one 
which does not change due to surface leakage or otherwise. The 
reason for this is that the potential condenser is of small capacity 
and a small leakage current will cause the results to be con- 
siderably in,error. It has been found that hard rubber serves 
this purpose nicely and accurate results can always be obtained 
with it. The hard rubber is never exposed to sunlight which 
causes its surface to deteriorate. "The switches connecting the 
leads to the potential quadrants should have hard rubber bases 
with considerable leakage surface. Since the current condensers 
are so much larger than the potential one, it is not necessary to 
have such highly insulated switches. This does not mean 
however, that care should not be exercised with their construc- 
tion. 

One other important point in connection with the quadrants 
should be mentioned. During damp weather, moisture will 
deposit on the surface of glass. Formerly, this always hap- 
pened with the cathode ray tubes, and sometimes it wasim- 
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possible to even deflect the rays because the deposited moisture 
acted just like a metallic shield for the rays. In this condition 
reliable results could not be obtained, and, indeed, one was never 
certain of the results. It was necessary to make the tubes 
completely non-hydroscopic in the neighborhood of the quad- 
rants in order to insure satisfactory results. Cellulose nitrate has 
been used for this purpose and it has been found quite satis- 
factory. This substance is made into a paste with ether and 
painted on the tubes with a brush over a distance of a few 
inches on either side of the quadrants. The paste soon dries 
leaving a laver of cellulose nitrate about 0.3 mm. thick over the 
surface of the glass. Since this procedure has been followed no 
inconsistencies of any kind have been observed, and this proced- 
ure is imperative for accurate results. 

(b) Excitation of the Tubes. There are several methods 
which can be used for exciting the cathode ray tube. One 
method is the use of a high potential storage battery consisting 
of about 20,000 cells. The space occupied by this number of 
cells, each being about one inch by one inch by five inches in 
size, would be too large to make the use of the high potential 
storage battery of any commercial value. There are a num- 
ber of other evident objections to the employment of the 
storage battery. The electrolytic rectifier was not satisfactory 
because it gave a fluctuating d.c. potential. The static machine 
has been used largely for operating the tubes especially in Eng- 
land and Germany. This machine, however, was not found to 
produce a sufficiently constant potential, especially during damp 
weather, to maintain steady cathode rays as required for the 
cyclograph. The kenotron,? which has been developed by 
the Research Laboratory at Schenectady, has been tried as a 
means of exciting the tubes. This apparatus has not been used 
extensively, but it produces a steady cathode ray stream, and 
there is no apparent reason why it could not be used to good 
advantage in this work. It is quite simple in its construction 
and operation. 

The mechanical rectifier has been largely used in connection 
with the cyclograph for producing the cathode rays. The form 
of commutator used and the diagram of connections are Шиз- 
trated in Fig. 6. The commutator, R, is connected to the 

12. “А New Device for Rectifying High Tension Alternating Cur- 


rents—The Kenotron.’’ Saul Dushman, General Electric Review, Vol. 18, 
pp. 156-167, March, 1915. 
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shaft of a small four-pole, motor generator set which sup- 
plies the low tension of the 60 cycle transformer, T. The 
commutator can be adjusted so that it will rectify the peaks 
of the a-c. wave. The rectified direct potential charges the 
condenser, C, to a voltage corresponding to the adjustment 
of the commutator. The condenser, C, supplies the direct 
potential to operate the tubes. The energy consumed by the 
tubes is so small that they operate quite steadily, thus showing 
that the potential of the condenser remains practically constant. 
This condenser consists of four ordinary Leyden jars connected 
in parallel. The present commutator will operate up to about 
30,000 volts which is all that is required for the tubes. Care 
must be taken to have good contacts between the brushes and 
the segments, because poor contacts in the system supplying 
the direct potential for the tubes 
cause unsteady cathode rays. One 
essential for good contacts is to 
adjust the brushes so that they are 
almost tangent to the commutator. 
Fibre gives sufficient strength and 
insulation for the commutator. 
The only metal parts are the seg- 
ments, brushes, and connecting 
strips, a and 6. 
`(c) Focusing Coil. Prof Ryan" Fic. 6 

and Mr. Rankin!‘ have said much 

concerning the focusing coil, F (Fig. 1), and its use in con- 
centrating and increasing the brightness of the fluorescent 
lines on the screen. It will not be necessary, therefore, to dis- 
cuss this apparatus and its action for it would simply be repeat- 
ing what they have already said. It will be well to emphasize, 
however, that it is necessary for the axis of the focusing coil 
and tube to exactly coincide. If this condition is not fulfilled, 
then the figures on the screen will not be symmetrically located 
with respect to the center. Neither the area of an ellipse nor 
the magnitude of the deflections is changed by moving them 
over the screen with the focusing coil, so that no error is in- 
troduced into the results by not having the above conditions 
carried out, but one who is not familiar with the character- 

13. Loc. Crt. (4) p. 527-528. 


14. Rankin “ Use of a Magnetic Field with the Ryan Cathode iii 
Oscillograph" Phys. Review, Vol. 21, pp. 399-406, 1905. 
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istics of the tubes might be inclined to look with skepticism 
upon the results. 

It has been stated that only the brightness of the fluorescent 
spot on the screen and not its size is affected by the use of the 
focusing coil. The observations, which have been made in 
connection with the development of the cvclograph, do not 
bear out this statement. When the coil is placed just above 
the plane of the quadrants, the spot and the lines are not only 
magnified in brightness for the same applied potential, but 
they are also finer and much more sharply defined. This 
would be the proper place for the focusing coil if it were not for 
the effect of the magnetic field superimposed on the electro- 
static field. Тһе focusing coil is always placed so that its plane 
coincides with that of the cathode. 

(d) Potential and Current Condensers. The potential con- 
denser consists of hollow metallic tubes with their ends closed 
by semi-spherical caps. About six of these are joined together 
with metallic rods and supported from the ceiling with in- 
sulators. Two such plates constitute the outer plates of the 
potential condenser, C3, shown in Fig. 1. The inner. plates 
are about 23 ft. by 2 ft. by 4 in. The middle one is grounded 
and supported firmly, while the two adjacent ones on either 
side are supported from the ceiling with hard rubber. These 
hard rubber supports are necessary for the reason stated in 
the section on “ Deflecting Quadrants.” It is essential to 
have air as the dielectric for the potential condenser because 
an error would be introduced into the results if the phase angle 
of it were not 90 degrees. In the theoretical discussion of the 
cyclograph, it was assumed that the phase angle was 90 degrees. 

The current condensers should have air for the dielectric 
for, at least, four reasons. First, if these condensers are broken 
down as they are when the test pieces are broken down then 
those with air dielectrics are self-restoring. Those with other 
dielectrics might be broken down and cause one considerable 
trouble in repairing them. Second, it is necessary to have 
current condensers which never change in capacity. The air 
condensers used have not changed more than one per cent in 
capacity during the past two and a half vears. Condensers 
with other dielectrics would likely cause errors in the results 
due to capacity changes. Third, if condensers with dielectrics 
other than air are used, then it is necessary to correct the re- 
sults for the losses in them. It is better to eliminate these 
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losses rather than correct for them. Fourth, in the formulas 
used for calculating the current and power factor of the insula- 
tion, a perfect condenser was assumed. These current con- 
densers are constructed so as to have the minimum current 
possible pass through the supporting frames. 

Peculiarities of the Tubes. At this stage it will be well to 
refer to several points to which attention should be given in 
order to insure steady operation of the tubes. The first is 
that care must be taken to eliminate the disturbing effects due 
to stray magnetic and electric fields. The cathode ray stream 
should be actuated only bv the field applied to the quadrants. 
Now, the tubes are operated at about 15,000 to 25,000 volts 
so that a very strong field exists around the cathode lead. 
This field has caused much unsteadiness in the cathode rays 
and has given much trouble in taking current readings with 
the “static voltmeter and condenser shunt method." For 
this reason the cathode leads should be small, well insulated, 
lead covered cables, the sheath being grounded. These cables 
act as part of the condensers used to supply direct potential 
for the tubes. So that the resistance, 7, must be placed as 
shown in Fig. 6. If it were placed between the condenser 
and the lead rather than between the lead and cathode, then 
the tube would be unstcady. In order to completely shield 
the ravs and the leads connected to the quadrants from this 
field, it is necessary to have a thin metallic hood of some sort 
extending down almost to thc quadrants and up to the cathode 
lead. The resistance, r, is then placed within this hood. This 
precaution prevents the “jumping” of the figures on the 
screen due to the field around the cathode lead. It is well 
to have metallic cylinders over the large part of the tubes as 
shown in plate XLIX. The hole which is seen in the cylinder 
is for the purpose of allowing photographs to be taken. Such 
a procedure as this will climinate much unsteadiness of the 
rays and prevent the figures on the screen from “ jumping.” 
This sort of trouble appears to have been encountered before’ 
but apparently it was not eliminated. 

Prof. Ryan found it necessary!’ to cover the surface of the 
tubes from the anodes extending past the cathodes with a 
thick paraffine jacket to avoid irregularity in the cathode ray 
streams due to corona forming on the cathode leads where 


15. Loc. Си. 8 (b) p. 528. 
16. Loc. Си. (4) p. 529-530. 


1915] MINTON: CATHODE RAY TUBE 1135 


they enter the glass. This corona formation has been observed 
frequently but, after the cause of unsteadiness mentioned above 
was eliminated, no irregularity of the cathode ray streams 
was observed due to this corona formation. It is not necessary, 
therefore, to provide the tubes with insulating jackets around 
the cathodes. 

Another peculiarity noticed was that when high voltages 
(3000 or 4000) were applied to the quadrants (due to large 
losses in the insulation) small areas were obtained when the 
separate deflections (a and b) were being photographed. These 
could not be due to a potential applied to the opposite set of 
quadrants because they were grounded while the photographs 
of the other deflections were being taken. These areas were 
due to ficlds set up between the leads connected to the upper 
portions of the switches (See Fig. 1). Leads connected to 
each pair of quadrants came down on opposite sides of the 
tube and about 12 in. apart. After the wires of each pair of 
leads were brought down together and connected to the quad- 
rants no further trouble was experienced from this source. 
These areas were quite noticeable because the potential and 
current were almost in phase with each other; this condition 
mav be obtained in insulation, as we shall soon sce. 

In regard to the salt used for the fluorescent screen, it may 
be said that calcium tungstate (CaWQ,) and a zinc sulphide 
(ZnS) are the most strongly fluorescent salts when acted upon 
by cathode rays. The former salt is more strongly fluorescent 
for the weaker rays while for very strong ravs the latter salt 
is the more strongly fluorescent. Both of these substances 
however, will be found useful in making the screens. 

Considerable space has now been devoted to the theory of 
the cyclograph and its development. The remaining portion 
of the paper will be devoted to a study of dielectric losses and 
other electrical properties of insulation, such a study being 
made possible by the development of th cyclograph for this 
work. The results of some of the tests will first be given and 
a discussion of them will follow. 


IV. EXPERIMENTAL RESULTS 


In section II. it has been shown how the dielectric loss, 
power factor, and current for a piece of insulation are deter- 
mined. (See equations 18, 16, and 15). These quantities have 
been determined for a number of different insulating materials 
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and have been plotted against the applied voltage, the tem- 
perature, and per cent absorbed moisture in the case of paper. 
Since a very large amount of data on insulation has been taken 
with the cyclograph during the past three years, it will be pos- 
sible to incorporate only a small portion of it, in this paper. 
A sufficient amount of it, however, will be given in the form 
of curves to enable one to obtain a general idea of what is- 
taking place within a piece of insulation when it is subjected 
to a high voltage stress under various conditions. These curves 
will also give one a knowledge of the maynitude of the quanti- 
ties involved. Section У. contains a closer study of these ex- 
perimental results and empirical equations are given to rep- 
resent the results mathematically. 

All the tests embodied in this paper have been made at 60 
cycles with a generator which produces a уегу nearly a sine 
wave. The tests were made in good transformer oil to avoid 
corona and the brass test terminals were either 20 cm. or 25.4 
cm. in diameter and 0.5 cm. thick. They were square-edged 
and arranged so that they could be clamped into position after 
good contact was obtained. | 

The original data from which the results were calculated 
need not be given here. The calculated data, however, are 
given in the form of curves. The tables from which the curves 
were plotted are omitted for the sake of brevity. For the pur- 
pose of illustrating how the original data are taken and the 
results calculated, there are given bclew two tables on oil- 
treated pressboard, sample No. 2, the results on which are 
given in a later section and shown graphically in Figs. 19, 20 - 
and 21. It should be stated that the results given in this paper 
were obtained from data taken for other purposes. For this 
reason it was necessary, in the case of varnished cloths and in 
the case of the effect of moisture in pressboard, to take the 
plotted points off of other curves. In the case of all the other 
results incorporate@ in this paper the points represent actual 
data taken. It should also be stated that some of the units 
used were English while the others were metric. It is cus- 
tomary in this country to express voltages in volts per mil 
and thickness in inches. If the metric units had been used 
it would have been necessary to change them in the English 
units for comparative purposes. In order to avoid this the 
English units were used in these cases. In all other cases the 
metric units were used because it is much better to start think- 
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ing in metric rather in English units when there is no stand- 
ard already established. 


ORIGINAL DATA. 

Date: 12-14-14. 
Generator: sine wave, No. 1080. 
Test terminals: 20 cm. square edged. 
Frequency: 60.5cycles. 
Temperature: 60.0 deg. cent. 
Volts on tube: 21,500. 
Focusing coil: 1.5 amps. 
Exposure: Ellipses, each 10 sec. 

Cross lines, each 5 sec. 
Material: 3/32-in. oil-treated pressboard. 
Sample: Two sheets, A. and B (see Fig. 1). 
Average thickness of sample: (0.470 cm.) 0.185 in. 
Total volume under test: 147.7 cu. cm. 


Volts on Paraffine 


Photo Gen. Condenser (Fig. 4 B) Combination of 
No. Volts ------------------------------- | Air condensers 
A B | Section 
1 141 49.3 54.2 2 1, 2, 3, 4 series 
2 234 78.5 87.5 2 “ ч 
3 361 52.0 53.5 3 “ « 
4 460 09.5 72.0 3 1,2 s 
5 552 82.5 86.3 3 к " 
6 458 69.0 71.8 3 ы « 


In the table below one will find the calculated results of the 
above table. The following explanatory remarks apply to this 
table: a and b are the horizontal and vertical semi-axes, re- 
spectively, of the photographs; a’ and 6’ are the major and 
minor semi-axes of the ellipses respectively. Cos Ө is ‘the 
power factor of the circuit, while сов 6’ is that of the insula- 


, , 


tion. The former is equal to a while the latter is given by 


equation (15). By means of calibration curves the read- 
ingsincolumns A and B of the above table give the voltage 
еі, see Fig. 4B. The averages of A and B which are always 
nearly equal, are given inthetable below. These average values 
are used to determine, 7, also given in the following table. 
I is calculated by means of equation (16), This equation’ 
yields the following equations for the various combinations of 
condensers used: J; = 0.0000186 Ге, milliamperes, for first 
combination in the above table; Zə = 0.0000197 /е,, milli- 
amperes, for the second combinations; 73 = 0.0000439 fei, milli- 
amperes, for the third combination; f is the frequency. The 


1138 MINTON: CATHODE RAY TUBE [July 2 


equations give the total current passing through the insulation; 
the current per sq. cm. is obtained by dividing by 314 sq. cm., 
the area of test terminals. The current values are given 
іп milliamperes рег sq. ст. E, in kv., is obtained from the gen- 
erator volts by multiplying by 87.0 + 1 per cent, the ratio of 
transformation of the testing transformer. Е’, in kv., is cal- 
culated by means of equation (17). The volts per mil (V.P. 
M.) are obtained by dividing E' by the total thickness. The 
total watts are calculated by means of equation (18); dividing 
bv the volume of the insulation, one obtains the watts per cu. 
cm. In this way the following results were calculated from 
the above table: 
RESULTS CALCULATED. 


| | | | 
| Cos Сов | Ave, |I (т.а.) | 
:Photo| a b a’ b’ ө: в cond. sq. E Е W 
№. | ст. | ст. | ст. | ст. | рег Рег | volts ст. kv. | Ку. ' C. C. |У.Р.М 


cent | cent | 


1 1.12.0.55| 1.28! 0.050 10.3 11.3] 1055 |0.00379 12.3111.2 0.0101] 60. 

2 1.77 0.8512.0010.058 7.7: 8.4] 1685 |0.00605 20 3113.5 0.0199] 100. 

3 2.49 1.28); 2 85|0.065, 5.8 63| 2440 |0 00930 31.4) 28.9 0.0359] 156. 

4 1m 1.60 2.13}0.060; 5.1. 5.3] 1465 |0.0124 , 40.0) 38.5 0.0537 208. 

5 1.83 1.52 2 43|0.050| 4.4 46 1745 10.0148 | 48.0] 46.2 0.0667] 249. 

6 1.54 1.30 2.05) 0.047 m 5.0| 1455 |0.0123 | 39.81 38.3 0.0502] 207. 
| ' 


| 


As a further means of illustrating how the results are obtained 
there are given in plate L reproductions of a series of six 
photographs taken on a sample of varnished cloth at 200 volts 
per mil. and at various tempcratures. These illustrations show 
that the figures on the flourescent screen are very steady and 
well defined. From these illustrations the power factors (cos @) 
are determined. The following table gives the measurements 
made on the negatives. The plates used were the American 
lumiere sigma. 


| Cos Cos 
Photo a b a’ М @ @' Тетр. | 
No. cm. cm | cm. cm. per cent | per cent | deg. cent. 
1 | 2.70 0.85 | 2.91 0.045 5.7 6.3 30.0 
2 2.79 0.85 3.05 0.055 7.1 7.9 71.0 
3 2.83 0.87 3.12 0.102 12.9 14.4 99.5 
4 2 90 0.87 3.17 0.187 23.5 26.2 115.0 
5 1.55 0.85 | 1.83 0.290 40.3 32.2 130.0 
6 | 1.93 0.88 | 2.15 0.515 65 2 68.6 145.0 
| 


PLATE L. 
А. I. Е. E. 
VOL. XXXIV, NO. 6 


No. 1 [uix rox] No. 2 [uix rox] 


No. 3 [uix ron] No. 4 іміхтом| 


No. 5 [uix vox] No. 6 [MINTON] 


Digitized by Google 
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A. Varnished Cloths. A large number of tests have been 
made on various kinds of varnished cloths. The different test 
samples were about 30 cm. square, and were built up of sepa- 
rate sheets of the same size to the required thickness. Ordinarily, 
each of the test pieces, A and B, (see Fig. 1) consisted of four 
or five sheets of varnished cloth assembled under oil, or bound 
together by thin oil-films, and placed between the test ter- 
minals in the oil box. Either method of assembly will yield 
the same results, as long as good contact is maintained between 
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Comparative curves showing dielectric loss vs. volts per mil for three different kinds at 
100 deg. cent. 60 cycies—sine wave—total thickness: 1—90.1214 in; 2—0.1244 in; 3—0.1093 
in. 


` the terminals and test pieces. Tests made on samples ranging 
frgm four to twelve sheets also yield the same results. 

In Figs. 7 to 12, inclusive, are illustrated some of the results 
taken on various kinds of varnished cloths. It is seen that 
the current values in Fig. 9 fall nicely on the lines, but in Fig. 
10 quite the contrary conditions is noticed. No doubt a large 
part of this inconsistency is due to the initial condition of the 
material and to the effect of temperature in producing definite 
changes in it. Changes of this nature have been noted by 
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other observers." For sample No. 1, it is seen that the losses 
at 138 deg. cent. are forty five times as great as they are at 
25- deg. cent. and for sample No. 2, the ratio is twenty five to 
one. All the curves shown in Figs. 7 to 12, inclusive, are con- 
sistent in showing that No. 1, No. 3 and No. 2 represent the 
order in which the samples should be placed, as far as represent- 
ing their insulating value is concerned. 

It will be interesting to compare these results on varnished 
cloths with those on some others. In one instance, with 


DIELECTRIC LOSS -WATTS PER CU. СМ 
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Fic. 8-—TwEeLvE-MiL BLACK VARNISHED CLOTHS 


Comparative curves showing dielectric loss vs. temperature for three different kinds at 
200 volts per mil—460 cycles—sine wave—total thickness: 1—0.1214 іп; 2--0.1245 іп; 
3--0.1093 in. 


another varnished cloth at about 200 volts per mil. and 100 deg. 
cent. the watts per cu. cm. were about 4.0, the per cent power 
factor 98, and the milliamperes per sq. cm. about 0.050. Cor- 
paring these values with those given in Figs. 7 to 12, inclusive, 
one will note the following points; watts per cu. cm. at 200 
volts per mil. and 100 deg. cent. are about twenty three times 
as great for the above cloth as they are for sample No. 1; the 
current value is about five times as great and the power factor 


17. Loc. Cit. (3) p. 365. 
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Comparative curves showing current vs. volts per mil—for three different kinds at 100 
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about four and a half times as great for the former cloth as for 
the latter. On the other hand, another sample of varnished cloth 
has yielded a power factor at 100 deg. cent. of about 13.5 per cent 
compared with about 20 per cent as shown in Fig. 11. These 
numbers show in a striking manner the difference likely to be 
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Fic. 11— TwELvE-MiL BLACK VARNISHED CLOTHS 
Comparative curves showing per cent power factor vs. volts per mil for three different 
kinds at 100 deg. cent.—60 cycles—sine wave—total thickness; 1—0.1214 іп; 2—O.1245 
іп; 3—0.1093 in. 
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Fic. 12— TwELvE-MiL BLACK VARNISHED CLOTHS 


Comparative curves showing per cent. power factor vs. temperature for three different 
kinds at 200 volts рег mil—60 cycles— sine wave—total thickness: 1—0.1214 in; 2—. 
0.1245 in; 3—90.1093 in. 


found in various kinds of varnished cloths, and they also show 
that tests of dielectric losses vield most valuable results. When 
a loss of 4.0 watts per cu. cm. is observed in a piece of insula- 
tion whose volume is about 250 cu. cm., it means that about 
a kilowatt is producing heat in it. Under such severe con- 
ditions a piece of insulation will always be punctured within 
a few minutes. 
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B. Oul-Treated Pressboard. Тһе samples of pressboard used 
were about 30 cm. square and were cut from regular 3/32-in. 
stock. After receiving a certain amount of drying, the samples 
were impregnated with good transformer oil for several hours. 
The results on the samples of pressboard, selected for this paper, 
were chosen so as to be able to show the characteristic curves 
and to compare the results for similar insulation under dif- 
ferent conditions. Each of the test pieces, A and B, (see Fig. 1) 
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Comparative curves showing dielectric loss vs. volts per mil at four different temperatures 
60 cycles—sine wave— total thickness 0.193 in. 


consisted of one sheet of oil-treated pressboard of the dimen- 
sions given above. 

Figs. 13 to 18, inclusive, show a set of curves taken on press- 
board sample No. 1. The figures which have temperature as 
the abscissas were obtained from those having volts per mil 
as their abscissas. Attention should be called to the fact that 
the power factor was observed not to change with voltage for 
'this sample at 53 deg. cent. and 80 deg. cent. For this reason 
one photograph only was taken at each of these two tempera- 
tures. These two power factors were used in making calcula- 
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Comparative curves showing dielectric loss vs. temperature at four different voltages— 
60 cycles—sine wave—total thickness 0.193 in. 
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Comparative curves showing current vs. volts per mil at four different temperatures— 
60 cycles—sine wave—total thickness 0.193 in. 
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tion of watts at the different voltages for these two tempera- 
tures. Such a.procedure as this would not be justified if the 
power factor changed with the applied voltage. 

All the current curves shown in Fig. 15, with the exception 
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Comparative curves showing current vs. temperature at four different voltages—60 
cycles—sine wave— total thickness 0.193 in. 
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Comparative curves showing per cent power factor vs. volts per mil at four different 
temperatures—60 cycles—sine wave—total thickness 0.193 in. 


of the one at 127 deg. cent., curve upward near the upper ends, 
thus showing that the insulation was weakening. After tak- 
ing the reading at 204 volts per mil. and 127 deg. cent, the 
voltage was increased to secure a reading at 250 volts per mil., 
but before it could be taken the pressboard broke down. 
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Results on two other samples (No. 2 and No. 3) of oil-treated 
pressboard, of the same kind as sample No. 1, are shown in 
Figs. 19 to 24 inclusive. "These are for comparison with sample 
No. 1. Curves аге not given for samples No. 2 and No. 3 show- 
ing dielectric loss, current, and power factor plotted against 
temperature. These three quantities, however, are plotted 
against voltage at 28 deg. cent., 60 deg. cent. and 85 deg. cent. 
The effect of temperature, therefore, up to 85 deg. cent. can 
be noticed and a comparison made with sample No. 1. 

It is worth while to compare the losses of samples No. 2 
and No. 3 here. Considering the curves in Figs. 19 and 22, it 
it seen that at 27 deg. cent. and 28 deg. cent. the losses for sample 
No. 2 are about half of those for sample No. 3 at the higher 
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Fic. 18—SAMPLE NO. 1—3/32-1N. OIL-TREATED PRESSROARD 


Comparative curves showing per cent power factor vs. temperature at four different 
voltages—60 cycles—sine wave—total thickness 0.193 in. 


voltages, while at the lower voltages the reverse is true. At 
60 deg. cent. the losses in the former sample are about one- 
tenth of those for the latter sample at the higher voltages, but 
at the lower voltages they are about one-third as large. For 
the higher voltages the losses in sample No. 2 at 85 deg. cent. 
are about one-thirtieth of those in sample No. 3 at the same 
temperature, but they are about one-eighth as much at the 
lower voltages for the same temperature. These numbers 
show that temperature has an enormous effect on sample No. 3 
compared with sample No. 2. They also show that a peculiar 
phenomenon of some nature occurs as the applied voltage is 
increased, otherwise the above peculiarities would not occur. 
This same effect is present at the higher temperatures because 
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DIELECTRIC LOSS- WATTS PER CU. СМ. 


Fic. 19—SAMPLE No. 2—3/32-х. OIL-TREATED PRESSBOARD 


Comparative curves showing dielectric loss vs. volts per mil at three different temperatures 
60 cycles—sine wave—total thickness 0.1855 in. 


VOLTS PER MiL 


Fic. 20—SAMPLE No. 2—3/32-1N. OIL-TREATED PRESSBOARD 


Comparative curves showing current vs. volts per mil at three different temperatures— 
60 cycles—sine wave—total thickness 0.1888 in. 
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Fic. 21—SAMPLE Хо. 2—3/32-1N. OiL-TREATED PRESSBOARD 


Comparative curves showing per cent power factor vs. volts per mil at three different 
temperatures—60 cycles—sine wave—total thickness 0.1855 in. 
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Fic. 22—SaAMPLE No. 3—3/32-IN. OIL-TREATED PRESSBOARD 


Comparative curves showing dielectric loss vs. volts per mil at three different tempera- 
tures—60 cycles—sine wave—total thickness 0.199 in. 
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the ratio of the losses in the two samples is much less at the lower 
voltages than at the higher ones. These peculiarities observed 
for the losses are due to the decrease in power factor with in- 
creasing voltage for sample No. 2 as shown in Fig. 21. The 
set of curves for sample No. 2 shows that the pressboard was 
not weakening rapidly as the temperature was increased, but 
those for sample No. 2 show very large weakening effects due 
to increase of temperature. 

One is surprised to observe such large variations in the losses, 
power factors, and current values for the same insulations 


CUPFENT- MILLI-AMPS. PER SQ СМ. 


VOLTS PER MIL 


Fic. 23—SAMPLE No. 3—3/;32-IN. OiL-TREATED PRESSBOARD 


Comparative curves showing current vs. volts per mil at three different temperatures— 
60 cycles—sine wave—total thickness 0.199 in. 


under the same voltage and temperature conditions. The ex- 
planation of these variations is found in the quantity of absorbed 
moisture the samples contained. These three samples of oil- 
treated pressboard contained different amounts of absorbed 
moisture and for this reason their electrical properties were 
quite different. Samples No. 1, No. 2, and No. 3, contained 
about 0.5, 1.0 to 1.5, and about 5.4, per cent free moisture re- 
spectively. Since sample No. 2 had considerable drying it 
may be that certain effects were produced, due to this, that 
caused the power factors to behave as shown in Fig. 21. "This 
will be referred to in the next section dealing with a study of the 
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experimental results. It тау be asked then how much of the 
losses, power factors, and current, is due to moisture and how 
much is due to the material itself? The answer to this question 
has been determined as shown in the next section. 

C. Effect of Moisture in Oil-Treated Pressboard. In order to 
determine how the losses, power factors, and current for oil- 
treated pressboard are affected bv the quantity of absorbed 
moisture, a number of samples of the same kind of pressboard 
as tested above was taken. These samples were about 30 cm. 
by 35 cm. cut from the regular 3 32-т. stock. Thev were 
placed in a closed can for about two weeks just prior to begin- 


PERCENT POWER FACTOR 


120 160 
VOLTS PER МК. 


Fic. 24—SAMPLE NO. 3—3/32-IN. OIL-TREATED PRESSROARD 


Comparative curves showing percent power factur vs. volts per mil at three different 
temperatures -60 cycles—sine wave—-total thickness 0.199 in. 


ning the tests. During this period the samples had sufficient 
time to liberate or absorb moisture until all of them contained 
equal percentages. : 
When a test was ready to be made, two sheets were taken 
out of the can. Two strips, about 2.5 cm. by 30 cm. were cut 
from each sheet, and from the four strips thus obtained, eight 
samples, 2 cm. by 5 cm. were cut from various places. "These 
small samples were placed, at once, in an air-tight weighing 
bottle. The test samples, 30 cm. square, were weighed at 
the same time the moisture samples were put in the air-tight 
weighing bottle. The square samples were then dried in air 
at 100 deg. cent. until they had lost the desired amount of mois- 
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ture. They were then weighed in an air-tight receptacle, and 
their weight determined before any moisture could be absorbed. 
After weighing, the samples were placed at once in good trans- 
former oil at about 65 дер. cent. in order to be sure that по 
moisture was absorbed by exposure to the air and to avoid 
the possibility of liberating appreciable quantities of water 
during impregnation at 65 deg. cent. From these data, the 
percentage loss of weight due to vaporizing moisture was de- 
termined. By securing the weights of these small moisture 
samples before and after drying them at about 90 deg. cent. 
in vacuo, it was possible to calculate the total free moisture 
they contained. Phosphorous pentroxide tubes were used to 
absorb the water liberated during the drying. This percentage 
of free moisture in the small samples was taken to represent the 
percentage absorbed moisture in the test pieces. Subtracting 
from this value the value obtained above for the loss of weight 
due to drying in air at 100 deg. cent., one obtained the per- 
centage absorbed moisture still remaining in the test pieces 
during the tests. Absolutely correct results cannot be obtained 
by this method, but approximately correct percentages can be 
secured. 

In Figs. 25, 26 and 27 will be found results taken at 200 volts 
per mil and at three different temperatures on several sheets 
of pressboard containing different percentages of moisture. 
It is to be regretted that more points are not available through 
which the curves may be drawn. Sufficient points, however, 
were taken to give the general shape of the curves and to show 
the enormous influence absorbed moisture has on the losses, 
power factors, and current values for porous insulation capable 
of absorbing moisture. The value 0.5 per cent moisture was 
estimated from previous experience. Attention should .be 
called to the point at 99 per cent power factor given in Fig. 
27. At 150 volts per mil the recorded power factor was 99 
per cent, but while attempting to take the reading at 200 volts 
per mil the test pieces broke down. From previous experience, 
therefore, it was known that the power factor at 200 volts per 
mil and 85 deg. cent. could not have been less than 99 per 
cent. For this reason this point was used to give the direction 
of the curve near 100 per cent power factor.. 

At lower voltages (50 to 100 volts per mil) there is a decided 
“ dip” in the curves similar to those shown in Fig. 27 at about 
2.0 per cent moisture. At the higher voltages (250 volts per 


1152 MINTON: CATHODE RAY TUBE [July 2 


mil) and temperatures this “ dip” is not present. Too much 
space would be required to show all of these effects by means 
of curves, and for this reason they are omitted. It is question- 
able, therefore, whether all the moisture should be removed 
or not. Other interesting points will be brought out in the 
study of the experimental results given next. 


V. STUDY oF EXPERIMENTAL RESULTS 


Empirical Equations. In order to study the subject more 
carcfully, it will be advantageous to express the results in the 
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DIELECTRIC LOSS-WATTS 


4 
PERCENT MOISTURE 
Fic. 25--Оп.,-ТккатЕр 23,;32-1N. PRESSBOARD 
Comparative curves showing diclectric loss vs. per cent moisture at three different tem- 


peratures and at 200 volts per mil—60 cycles—sine wave— average thickness of the seven 
samples used was 0.196 in. 


form of empirical equations. By this means, a comparison 
of the results lead to a better understanding of them and will 
show clearly the fundamental nature of all of the results given 
in this paper. In experimental results, the order in which the 
figures were given was dielectric loss, current, and power factor. 
This order will now be reversed, and equations for current 
and power factors followed by those for dielectric losses will 
be given as a function of the voltage, temperature, and per 
cent moisture. 
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Fic. 26—OIL-TREATED 3/32-IN. PRESSBOARD 


Comparative curves showing current vs. per cent moisture at three different tempera- 
tures and at 200 volts per mil—60 cycles—sine wave—average thickness of the seven 
samples was 0.196 in. 
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Fic. 27—OIL-TREATED 3/32-IN. PRESSBOARD 


Comparative curves showing percent power factor vs. per cent moisture at three dif- 
ferent temperatures and at 200 volts per mil—-60 cycles—sine wave—average thickness 
of the seven samples was 0.196 in. 
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(a) Voltage Equations. 

1. Current vs. volts per mil. It has been found that the 
current values, J, as given Бу Figs. 9, 15, 20, and 23, can be 
expressed as a function of the voltage, V, by the general equation” 


I = KV + К.И" (20) 


Ordinarily, at about room temperature and for fairly good 
insulation, the results can be expressed by the first term of equa- 
tion (20), so that the second term becomes zero. For these 


Cases 
I = КР (21) 


The second term of equation (20) represents the deviation from 
a straight line which is tangent to the curve at the origin. If 
I is expressed in milliamperes per sq. cm. and V in volts per 
mil, the following equations express the results nicely: 


Fig. 9 Varnished cloth—Sample No. 1—7 = 0.0000497 V 
“ 9— д “G — * No. 2—/ = 0.0000465 V 
“ м * Ё “ No. 3-І = 0.0000486 V 
“ 15—Pressboard—Sample Хо. 1—58 deg. cent.—J = 0.0000453 V 
+3.1 X10786 y*& 


“ 15-- 5 — 4 No. 1—80 deg. cent.—J = 0.0000458 У 
| + 2.5% 107% [99 
“ 15— s -- 4 NO. 1—103 deg. cent.—/ = 0.0000492 V 
+ 4.0 10774 1803 
“ 15— ú -- “ No. 1—127 deg. cent.—IJ = 0.0000604 V + ? 
“ 20-- Ы — “ Мо. 2—27 deg. cent.—I = 0.0000567 V 
“ 20— “ -- “ . No. 2—60 deg. cent.—/ = 0.0000594 V 
“ 20— B — * No. 2—85 deg. cent.—I = 0.0000603 V 
^ 23— ш — “ No. 3—28 deg. cent.—7 = 0.0000577 V 
“ 23— 4 — “ No. 3—60 deg. cent.—J = 0.0000673V 
+ 1.24X 1078 yt?! 
“ 23— ç — “ — No. 3—85 deg. cent.—I = 0.000111 V 


+ 6.851078 yim 


Equation (21) shows that the current varies directly as 
the voltage. From the above equations, this is seen to be 
true with all samples tested at room temperature, and also 
true for some samples tested at higher temperatures. This 
means that the admittances of the test samples were constant 
when this equation was satisfied. In order for the admittance 
of a piece of insulation to remain constant the capacity and 
resistance must not change or they must change in such a way 
as to leave the admittance constant. It is more reasonable 
to believe that the first condition would be fulfilled rather than 
the second. 
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When equation (21) fails to represent the current passing 
through the insulation, then equation (20) will do it. When 
the current is rising faster than the voltage, as indicated by 
equation (20), it means that the insulation is weakening, and 
implies less satisfactory material than if the weakening effect 
were not present. It is doubtful if any insulation will prove 
satisfactory that needs equation (20) to represent the current 
passing through it. The equations tabulated above show 
that some of them are of the form (20) and, in these cases, the 
material broke down under test, while the others did not punc- 
ture. This suggests, therefore, that it is not at all unreason- 
able to judge the electrical value of an insulation merely by 
making observations of the current alone. The second term 
Óf equation (20) represents almost whollv, if not entirely, 
energy current. Part of the constant term also represent 
energy current. Pressboard sample No. 3 contained 5.38 per 
cent moisture, while sample No. 2 contained about 0.5 per 
cent, and one will notice from the above equations that this 
extra amount of moisture is responsible for large energy currents 
because the dielectric losses as previously pointed out, were 
much larger for the former sample. | | 

2. Power factor vs. volts per mil. The power factors, as given 
by Figs. 11, 17, 21, and 24, can be expressed as a function of 
the voltage, V, by one of the following forms of equations: 


P-K (22) 
Р = К, + КУ (23) 
Р = К, — К.И (24) 
P = K, = K:V `” (25) 
Р = К, + Кє" (26) 


Е is the base of the Naperian logarithms. 

If P is the per cent power factor, and V the volts per mil, 
then the following equations represent the various curves given 
in the figures referred to above: 


Fig. 11—Varnished cloth—Sample No. 1—P = 21.5 | 
“ 11— А “o — * Мо.2—Р = 18.2 
vp “ — “ No. 3—P = 18.2 + 0.0068V 
“ 17—Pressboard—Sample No. 1— 53 deg. cent.—P = 1.7 
“ 17-- x -- “ No. 1— 80deg. cent.—P = 3.0 
“ 17-- £ — “ No. 1—103 deg. cent.—P = ? 
4 17— g — “ Мо. 1—127 deg. cent.—P = 22-8-0.0136V 
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Fig. 21— 5 — “ №0. 2— 27 deg. cent. —P = 3.0 
+ 8.26 000605 

4 21— Е — ^ No. 2—00 deg. cent.—P = 3.5 
| + 10.3є— 0:00372% 

“ 21— k — “ No. 2—85 deg. cent.—P = 4.0 
+ 16.56 07004629 
“ 24— 5 — “ No. 3—28 deg. cent.—P = 5.4 +00585 V 
4 24— ë — “ No. 3—60 deg. cent.—P =26.3 +0.0196 V 

“ 24— Š — “ No. 3—85 deg. cent.— Р = 100. 
—244. y 0458 


Referring to Fig. 17, it will be seen that no equation is given 
for the curve at 103 deg. cent. This curve first has an apparent 
decrease and then an increase of power factor. Curves of this 
type require a combination of two equations to express them. 
The equations which represent the power factor as a function 
of the voltage are quite varied over the range of condition 
met with in the tests reported in this paper. The equations 
hold closely over the range of the tests; some of them cannot 
hold for low voltages, while others cannot applv for high volt- 
ages. They are valuable in so far as they give one an idea 
of the forms of the equations when the power factors are meas- 
ured over such wide conditions as were met in these tests. 
When equation (22) holds, the power factor does not change with 
voltage. From the numerical equations above, it is seen that 
this equation applied in several cases. Insulation which be- 
haves in this way will prove satisfactory as far as dielectric 
losses are concerned. Equations (23) and (26) are for power 
factors which increase with voltage, and (24) and (26) are for 
those which decrease with voltage. The numerical equations 
given shown that all four of the forms are required to express 
the results. The particular form of equation which will hold 
depends on the conditions of the test and on the nature of the 
insulation. It depends on these two things, because the power 
factor varies from zero to 100 per cent. In order for an equa- 
tion to represent the power factor completelv, it must be one 
which has these two limits as its asymptotes. The particular 
form of equation, then, will be influenced bv the position of 
the power factor with respect to these two limits. Both the 
conditions of the test and the nature of the insulation determine 
the value of the power factor, as has alreadv been pointed out. 
The power factor changes because the capacity and resist- 
ance vary. The results show, therefore, that in some cases 
these do not change, while in other cases, large variations are 
observed with voltage. One would think the increase in power 
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factors is due to heating effects. But the losses always produce 
heating effects, which are small in many cases, and hence, the 
power factor should always increase, if it changes at all with 
voltage. It was pointed out, however, that a surprisingly large 
decrease іп power factor with increasing voltage was observed 
in the case of well dried oil-treated pressboard. In this case the 
application of high voltage stresses produces effects, the nature 
of which is not fully known. Just as mica filings are lined up 
under the influence of an-electric field, so are the water and 
other movable materials in an insulation influenced. It may 
be that herein lies the explanation of certain electrical phe- 
nomena observed in connection with insulation. 

3. Watts vs. volts per mil. It is found that in almost all 
cases the watts (W) can be expressed as a function of the volt- 
age (V) fairly well by the equation 

W = KV" (27) 
Referring to equation (19), if the power factor is independent 
of the voltage and the current directly proportional to it, then 
W should vary directly as the square of the voltage. This law 
is frequently assumed to be true and many calculations are 
made depending on this assumption. The table of equations 
given below will show that this square law does not hold in 
many cases. If the power factor increases with increasing 
voltage and the current varies directly as the voltage or faster 
than it, then the exponent и in equation (27) must be greater 
than two. The current has not been observed to varv less 
than the first power of the voltage, but the power factor fre- 
quently decreases with increasing voltage. In these cases, 
the exponent я must be less than two. The following table 
will show all three of these instances. W 1s expressed in watts 
per cu. cm. and V in volts per mil. 


Fig. 7—Varnished чоп Sample No. 1—W = 4.90 х 10-8 у!" 


ч 7— “ ese nf No. 2—W = 4.40 10-6 y1% 

cu s “— “ No. 3—W = 1.87Ж 10-8 172715 

" 13—Pressboard— Sample No.1—53 deg. cent.— W = 0.235 Ж 1079 2:06 
“ 13— 9 — No. 1—80 deg. cent.—W = 0.665 X 1076 y'9 
“ 13— ë — “ No. 1—103 deg.cent.— W =2.47 X 10-8 V1:88 
“ 13— " — “ No, 1—127 deg.cent.— W =9.45Ж10-8 y'8 
¿ 19— — “ No, 2—27 deg. cent.— W =15.6 Х 10-8 yi? 
“ 19— ë — “ No. 2—60 deg. cent.—W =45.5 < 10-8 V1:32 
“ 19— й -- 4 No. 2—85 deg. cent.—W = 50.5 Ж 10-8 V1:33 
и 22— g — “ No. 3—28 deg. cent.— W =0.210 X 10 v2"? 
“ 22— 4 — “ No. 3—60 deg. cent.—W =2.75 Ж 10-8 y?*4 

“ 


“ 22— — “ Мо. 3—85 deg. cent.—W = 3.85 Ж 10-8 y*? 
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This table shows that the losses vary at least from the 1.32 
to the 2.52 power of the voltaye depending on the condition of 
the test and on the nature of the insulation. Comparing the 
current and power factor curves with the corresponding loss 
curves, it will be observed that the “ square" law holds fairly 
well where it should hold theoretically. When the power 
factor decreases with increasing voltage and the current varies 
directly as the voltageit will be noted that the same equation holds 
but the exponent is considerably less than two. In other cases, 
on account of the manner in which the current and power factor 
vary with the voltage, the exponent '"' п” is considerably greater 
than two. The samples of pressboard which contained the 
largest percentage of moisture gave the largest values for “n” 
while the well dried sample (No. 2) gave the smallest. As 
has been suggested already, pressboard sample No. 1 probably 
contained a little more moisture than sample No. 2, and it is 
seen that the exponent has larger values for the former sample 
than it has for the latter. In addition to this effect of moisture 
on the exponent “n”, the temperature at which the tests are 
made, also aífects the values of the exponent. In the same 
way, the moisture and temperature influences the value to be 
assigned for the constant K. 


(b) Temperature Equations. 

1. Current vs. temperature. The curves in Fig. 10 showing 
the current vs. temperature for varnished cloth can be repre- 
sented bv the equation 


1 = К, + K: є" (28) 


while those for pressboard given in Fig. 16 can be represented 
bv: 
[Г = К, + КГ" (29) 


It has already been mentioned that the points for the curves 
given in Fig. 10 do not form smooth curves, and for this reason, 
it 15 doubtful if equation (28) would represent the curves if the 
points were more consistent. It may be said that out of a 
large number of cases tried, equation (29) has been found to 
hold. For this reason, the latter equation is to be considered 
as the more probable one, to express the results. The follow- 
ing numerical equations express the results given in Figs. 10 
апа 16. Т is expressed in degrees cent. and J in milliamperes 
per sq. cm. 
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Fig. 7—Varnished cloth—Sample No. 1—1 = 0.0085 +3.1 XX 107° e167 
“ “u 


— “ — “ No, 2—1=0.0084 + 2.21075 ет 
€ 7- s “C — 4 No. 3—1 =0.0084 + 2.7 X 1075 0161 
“ 16—Pressboard—Sample No. 1—100VP M—I = 0.0045 + 5.3 
| > 107!" 179% 
“ 16— 2 -- “ No 1—150 VP M—I = 0.0068 + 1.55 
> 10:18 1675 
“ 16— " — “ No. 1—200 VPM-—1 = 0.0092 
+ 7.3 X 107" T6-0 
“ 16— б — “ No. 1—250 VPM—I = 0.0117 ` 


+1.36 X 10716 75:95 


The constant terms in these equations represent that part of 
the current which does not change with temperature. The 
second terms, however, are seen to increase rapidly with the 
temperature. These second terms represent weakening ef- 
fects in the insulation, which is finally broken down due to them. 
These terms, then, probably represent almost entirely energy 
current, which is seen to increase about as the 6th power of 
the temperature. Consequently, for large values of T the 
weakening effects increase very rapidly. At low temperatures, 
the weakening effects are not so of much importance as at the 
higher temperatures. These same effects are noted for power 
factors and losses. 

2. Power factor vs. temperature. Since the current can be 
represented as some constant plus a term to represent weaken- 
ing effects, due to increased temperature, it 1s natural to look 
for the same kind of a law to represent the power factor as a 
function of the temperature. Referring to Figs. 12 and 18, it 
is seen that the shape of the curves is similar to that of the ` 
current curves showing the temperature effect. As a matter 
of fact, if P is the per cent power factor and T the degrees 


cent. then 
P = К, + К.г" (30) 


for the curves given in Figs. 12 and 18. The numerical equa- 
tions for the curves in Fig. 12 on varnished cloth are: 
3.5 + 1.20 10-974 @ 
3.5 + 1.80 Ж 10-97 
5 + 0.29 X 10° 9748 


Sample No. 1—P 
Б No. 2—P 
ы No. 3—P = 


* e. 
7. 
. 


The curves shown in Гір. 18 are so nearly the same that the 
following equation represents an average curve through the 
points at the various temperatures: 


P = 1.6 + 1.25xK10°? Т5% 
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These equations hold nicely over the range tested, but they 
could not represent a curve extending from 0 to 100 per cent 
power factor for reasons pointed out in the section dealing with 
the voltage equations. These equations show that the weaken- 
ing effects, due to increase of temperature, are causing large 
increases in the power factors as well as in the magnitude of 
the currents. 

3. Watts vs. temperature. It would seem reasonable to 
multiplv the current and power factor equations together at 
any constant voltage in order to express the watts as a function 
of the temperature. This would yield the desired equation 
but since the current and power factor equations are alike for 
the curves given in this paper, it is to be expected that loss 
equations will be ot the same general form. This expectation 
is fulfilled for if W is the watts per cu. cm. and T the degrees 
cent. as before, then 


W = К, + КТ" (31) 


The constant term represents the loss which does not change 
with temperature, while the second term is accounted for by 
the weakening effects due to the influence of temperature. 
The following equations show these effects to increase rapidly 
with temperature, and the curves in Figs. 8 and 14 represent 
the results graphically. 


Fig. 8—Varnished cloth—Sample No. 1— И = 0.020 + 6.8 X 10-8 7525 


“ 8— Š “G — “ Мо. 2—W = 0.025 + 3.5X 10 13 T5:25 
“ 8— “ c— € No. 3—W = 0.020 + 9.7 X 10-37219 
“ 14—Pressboard—Sample No. 1—100 VPM—W = 0.0030 + 7.6 

>x 19-16 7635 
“ 14— x — * Мо. 1—150 VP M—W = 0.0060 + 3.1 

X 107117% 
“ 14— ы. — “ No. 1—200 VPM—W = 0.0110 + 1.40 

> 1074 7979 
“ 14-- “ — 4 No. 1—250 *" —W = 0.0150 + 4.8 

KAO te 


It should be stated that these equations do not fit the curves 
exactly, for at the higher temperatures, the equations give too 
low results. This tends to show that the temperature of the 
insulation was higher than that actually recorded, thus pro- 
ducing greater losses than indicated by the equations. The en- 
ergy dissipated in the insulation was sufficient for high dielec- 
tric losses to produce considerable heating effects. Now, these 
high losses occur at high temperatures and the rise of tempera- 
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ture of the insulation above that of the surrounding oil be- 
comes appreciable only at the higher temperatures, say above 
100 deg. cent. If this rise of temperature could have been taken 
into consideration, then it is probable that equation (31) would 
apply quite closely. Taking into account the deviations of 
the equations from the experimental curves, they seem to in- 
dicate that the rise of temperature of the test pieces above the 
surrounding oil was probably five or six degrees cent. This in- 
crease of temperature occurred during the time the potential 
was applied, which was not more than a few minutes in most 
cases. 

It is to be noted that exponent z for equation (31) is about 
equal to that for equations (29) and (30). The weakening 
effects, then, due to temperature, affect the current, power 
factor, and loss in the same way and they can be represented 
by the same general type of equation, thus showing the funda- 
mental nature of the effects due to temperature. 

(c) Moisture Equations. | 

1. Current vs. per cent moisture. Тһе general shape of the 
moisture curves shown in Figs. 25, 26, and 27 leads one to 
suspect that they are of the same nature as the temperature 
curves and that the same general form of equation ought to 
apply to both sets. It has been pointed out that there appears 
to be a noticeable increase in the power factors and losses at 
the lower voltages (50 VPM) for well dried samples of press- 
board. At the higher voltages (200 to 250 volts per mil) this 
increase is not so noticeable as shown in the above figures. 
Consequently it is impossible for the general form of the tem- 
perature equations to apply exactly for moisture. Neglecting 
this peculiarity and, considering the weakening effects due to 
the presence rather than the absence of moisture, the same 
general type of equation holds for both the temperature and 
moisture effects. So that, if X is the per cent moisture ab- 
sorbed in the pressboard and I the current in milliamperes 
per sq. cm. then, ' | 

, I = К, + К.Х" (32) 
The numerical equations for the curves in Fig. 26 are: 


At 27.6 deg. cent.—I = 0.0101 + 9.0 10 -5x4:40 
“ 60.2 deg. cent.—J = 0.0105 + 9.9 X 10 -8 X5:20 
“ 85.4 deg. cent.—J = 0.0110 + 30.5 Х107%Х5%9 
It is to be observed that these equations also show that moisture 
causcs weakening effects in insulation in much the same way 
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that increase in temperature does. In both cases the values 
for the exponent m are about the same, showing that weaken- 
ing effects increase even as great as the 5th or 6th power of 
the absorbed moisture. 

2. Power factor vs. per cent moisture. The general form of 
the equation representing power factor vs. per cent moisture 
1S: 

Р = К, + К.Х" (33) 

It is seen to be of the form (32). It holds only over a limited 

range, perhaps up to 85 per cent power factor. This shows 

that the power factor is changing in much the same way the 

current does. The following equations apply to the curves 
shown in Fig. 27. 

At 27.6 deg. cent.—P 

“ 60.2 deg. cent.—P 

“ 85.4 deg. cent.—P 


3.0 + 1.65 Ж 107° xe 
4.7 + 3.50 X 107? X*'9 
6.0 + 3.05 X 10 2 x *:30 
These equations show that the effect of moisture on the power 
factor is the same as the effect on the current. 

3. Watts vs. per cent moisture. The same form of equation 
also applies to the curves showing the dielectric loss vs. per 
cent moisture. That is, 


W = K, + К.Х" 


The same limitations are to be placed upon this equation as 
were put on equation (32). The following equations apply to 
those curves given in Fig. 25. 
At 27.6 deg. cent.—W = 0.035 + 1.45X 10^? X* 
“ 60.2 deg. cent.—W = 0.050 + 2.65 X 10 $ 6 
“ 85.4 deg. cent.—W = 0.061 + 1.25 «107° x $00 
These equations show that the losses increase rapidly as the 
quantity of absorbed moisture increases. All of the moisture 
equations show clearly the harmful effects produced by it, and 
it 1s essential to look closely into this matter in studying in- 
sulation, which absorbs moisture. 
It may be said of the equations asa whole that the exponent 
п, and the constants, K, and Ka, are greatly affected by the 
voltage, temperature and moisture conditions. There does not 
appear, however, to be anv definite relation between these quan- 
tities and the three variables dealt with in this paper. The 
equations reveal the fact that the nature of the increased con- 
ductivity is the same for both temperature and moisture. This 
lends strength to the belief that moisture may be responsible 
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for a large part of the phenomena observed. This 1s also further 
strengthened by the fact that the currents, power factors, and 
losses, increase many fold in the neighborhood of 100 deg. cent. 
and especially above this temperature. This temperature is a 
critical point for water at atmospheric pressure, but it would 
require over 100 deg. cent. to boil water in extremely small 
capillary tubes such as exist in porous insulation. If the 
moisture is entrapped in an insulation that is only slightly 
porous, then it could not be eliminated bv evaporation so easily. 
Consequently, when the temperature of the insulation is, say 
125 deg. cent. the moisture mav show decided increases in con- 
ductivity that do not show up below 100 deg. cent. Since most 
of the losses are due to the absorbed moisture it is reasonable 
to believe that they are to a great extent in the moisture itself 
rather than in the insulation. This means that the temperature- 
rise occurs in the former before it does in the latter. Not more 
than 12 cu. cm. of moisture existed in any of the test samples 
considered in this paper and for this reason the losses could ap- 
parently produce marked changes in the insulation. As a 
matter of fact probably little change took place in the material 
itself and almost the wholé change probably was due to 
the increased conductivity of the moisture on account of 
the heating effects within it. It is advisable, therefore, to 
look carefully into the nature of the foreign material an in- 
sulation contains, whether this material be moisture or other 
harmful substances. The equations show that the weakening 
effects increase as the 5th or 6th power of thc temperature 
and moisture. So that, if the moisture is present to only a few 
per cent, these effects become excessive and the increase of tem- 
perature magnifies them still more. With such an unstable 
condition of the insulation as here indicated, it is to be expected 
that the effective temperature of the insulation, for high losses, 
will be higher than recorded by a thermometer placed under the 
oil against the test terminal. For this reason the equations may 
not hold exactly over the whole range for the various curves. 
Considering everything, the equations represent the results as 
well as one can desire. As a whole, the results point to a con- 
ductivity of an electrolvtic nature. 

There are many other things to which attention might be 
given, but this will not be done in the present paper. It isto 
be hoped that in a future paper further results of the work 
` on dielectric losses, especially regarding the effect of frequency 
on them, may be given. 
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Accuracy of Results. It willbe well to devote a short space to 
the consideration of the accuracy of the results given in this 
paper. Both the current and voltage can be measured to 
within one or two per cent, but the largest error is introduced 
by the measurement of the minor axes, b”, of the ellipses on the 
photographic plates. Referring to the ulustraticns in plate L, 
it will be seen that no great difficulty would be encountered т 
measuring 0” for illustrations 3, 4, 5 and 6. Тһе measurement 
of 6’ for photographs 1 and 2 might be in error as much as five 
per cent. If one desires to check the measurements given in 
the paper for these illustrations, he тау do so in order to see 
how accurate the measurements can be made. [Experience in 
making these measurements will be found valuable. It should 
be said that the measurements can be made on the originals with 
a greater precision than on these reproductions. For low power 
factors, as shown in the first two illustrations, each point for 
dielectric loss: mav. be in error by V IX2? + 5?=5.5 per cent. 
One, two, and five per cent are used respectively for the errors 
duc to voltage, current, and power factor measurements. When 
points for a curve are taken it is probably true that a point taken 
off an average curve will not be in error by more than about 2.5 
percent. Certainly, with the larger power factors this precision 
сап be obtained with the сусіортарһ. An accuracy of the cyclo- 
graph equivalent to this is quite satisfactory for the kind of work 
to which this apparatus is adapted. 


V. CONCLUSIONS 

The following conclusions are arrived at as a result of this 
investigation on dielectric losses: : 

1. The successful application of the cvclograph in determin- 
ing dielectric losses in insulations is amply demonstrated by 
the results given in this paper. | 

2. For good insulation the current should vary directly as 
the applied voltage. If the current increases more rapidly 
than this, it will show weakening properties. 

3. The dielectric losses vary over wide limits depending on 
the condition of the tests and the nature of the insulations. 
The losses show clearly the electrical value of an insulation. 

4. The results given in the paper show that the power factor 
of insulation тау vary from about 2 to 99 per cent. The 
nature of the insulation and the condition of the tests determine 
its value. 
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5. It is shown that the watts do not vary as the square of 
the voltage, but may vary from the 1.32 to the 2.52 power of 
the voltage. | 

6. The weakening effects in insulation, as shown Бу the 
dielectric losses, power factors, and currents, may increase as 
great as the 5th or 6th power of the temperature. 

7. The weakening effects in pressboard, and very likely 
other water absorbent insulations, may also increase as great 
as the 5th or 6th power of the per cent absorbed moisture. 
When the free moisture is above 3 per cent the weakening ef- 
fects due to its presence are quite pronounced. 

8. Empirical equations are derived that will express the 
dielectric losses, currents, and power factors, as functions of 
the voltage, temperature, and absorbed moisture. 
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FOUNDATIONS FOR TRANSMISSION LINE TOWERS AND 
TOWER ERECTION 


I—Notes on Investigation of Types of Foundations— Digging 
Holes for Foundations— Concreting Foundations— Erect- 
ing Towers 


BY J. A. WALLS 


ABSTRACT OF PAPER 


Concrete tower foundations of mushroom type, requiring no 
forms or back filling, as used in recent Baltimore- Holt wood 
transmission line, are found to be cheaper and stronger than 
steel tripod foundations previously used in a similar line along- 
side. 

It was found that mushroom type concrete foundations 
could be built with a smaller construction force and at lower 
cost, and more rapidly, than certain types of concrete founda- 
tions requiring forms and back filling. 

The procedure of digging holes and concreting of mushroom 
type foundations is described. 

Method of erecting transmission towers by the use of a shear 
leg is described in some detail. 


ГЕ FOLLOWING notes relate to the transmission lines 
of the Pennsylvania Water & Power Company. On 
the first Holtwood-Baltimore Line (No. 12) the steel tripod 
stub, Fig. 1 was used with suspension towers and a concrete 
foundation, Fig. 2, with anchor towers. 
On the Holtwood-Lancaster Line mushroom type concrete 
foundations were used for both suspension and anchor towers. 
Lifting tests made on steel tripod stubs, steel single leg stubs, 
(with fins at top and bottom Fig. 4) and under-cut mushroom 
type concrete stubs (the lift being not vertical but inclined, and 
parallel to the direction of the tower leg, though in service the 
horizontal component would be somewhat greater than this) 
showed that the tripod type pulled out of fresh ground at about 
32,000 pounds; the single leg at about 23,000 pounds; while the 
mushroom concrete type showed no signs of lifting or cracking 
of soil up to the limit of capacity of the testing outfit, 1..е., 
70,000 pounds. The shifting of the single leg stub was more than 
one inch at 50 per cent of its ultimate loading; the tripod stub 
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movement at 50 per cent ultimate loading was } in. in the vertical 
direction and 2; in. in the lateral direction. | 

Experience in the field indicated greater difficulty in securing 
exact setting with the tripod stub than with the concrete stub, 
so in view of the greater strength of the concrete stub, its lesser 
liability to displacement when pivoting on it in tower raising, 
and the consequent lessened chance of unequal stressing of the 
tower legs, due to lack of fit of the tower shoes with the founda- 
tions, together with certain other construction advantages, 
determined the use of concrete stubs for both suspension and 
anchor towers on the second Holtwood-Baltimore Line (No. 56). 
The reason for the massive construction adopted, it should be ex- 
plained, is that this latter line is a short and important trunk line 


16'O"Cornerto, = |  jgJ6O'Come to. 
Corner of Stub orner of Stub 
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Fic. 1—STEEL TRIPOD TYPE FOUNDATION 


of very heavy construction, 1. e., 15,000 pounds апа 30,000 
pounds breast pulls for suspension and anchor towers respectively 
carrying two circuits of 30,000 kw. per circuit and insulated for 
110,000 volts. 

Investigations were made on four types of concrete founda- 
tions to determine which type of foundation would best suit our 
conditions. Concreting was done with a hand mixer. The 
earth was hard red clay with a few small boulders. 

The mushroom tvpe, without forms, was constructed by dig- 
ging a post hole, approximately 16 in. in diameter, 6 ft. in the 
ground and under-cut at the bottom of the hole as shown in 
Fig. 3. It was later found advisable to dig the post holes only 
9 to 4 ft. deep and make a bell shaped expansion in the bottom bv 
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the use of dynamite. The mushroom type, in good ground, is 
cheaper to build, can be built more quickly than the other tvpes 
experimented with, and is especially satisfactory on account of 
not disturbing the adjacent ground or necessitating backfill. 


Cable to be bolted to Angle Iron 
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Fic. 2— MUSHROOM TYPE CONCRETE FOUNDATION FOR HEAVY TOWERS 


The next best type of foundation appeared to be the mush- 
тоор type using steel forms. Considerable difficulty was ex- 
perienced at the start with the latter type owing to the difficulty 
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Fic. _3— MUSHROOM TYPE CONCRETE FOUNDATION 


of keeping the forms properly lined up and vertical, since the 
form had a tendency to float and cant when the concrete is 
poured into it. It was found possible, to prevent this by back- 
filling slightly before pouring the concrete, the backfilling not 
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being too much to prevent the withdrawal of the steel 


forms. 


In this type and the following types, excavating by dynamite 


did not prove successful. 


Next in order in point of cost and rapidity of construction was 


the mushroom {уре with wooden forms. Неге 
24 sets of forms are required, which are heavy 
and difficult to assemble. 

The least satisfactory tvpe of base was the 
trunkated pier with wooden forms. This pier 
had a square base 2 ft. 6 inches each wav and 
a square top 12 in. each wav. Like the others | 
it was six feet high. The wooden forms are 
heavv and hard to assemble in the field, although 
a little less difficult to assemble than the forms 
for the preceding type of base. Аз with the 
preceding tvpe of foundation, a three davs' 
supply of forms is required for a gang, 7. e. 24 
sets of forms involving, as extra men, а carpen- 
ter, a foreman, and three helpers with team to 
provide steady work for the concrete gang. 

The type adopted on Transmission Line No. 
56 was that shown in Fig. 3 and the actual cost 
of this type on the line averaged per tower, as 
follows: 


Hauling: materials... oio ebbe $13.20 

TAC кызына о 2221 

ОЮ Е maa о Ао 4.92 

Materials and concreting................. 28.50 

$48.89 

The type used on Transmission Line No. 12 shown in 

and 2, averaged per tower, as follows (3 steel foundations 
concrete foundation): 

Hauling materials....................... 58.03 

САИ озса олдана как Ер (oU 

BIO 62. EE EE huay awas K wea ne Sc 11.34 

Materials and concrete................... 30.08 

| $54.25 
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Fic. 4—S#$EEL 
SINGLE LEGSTUB 


Figs. 1 
to one 


Tools. Each man in the digging gang is provided with the 


Гай 


following tools: 
1 Long Handle Shovel, 
1 Digging spoon with 8 ft. Handle, 
1 one inch bv 8 ft. telegraph digging bar, 
1 Post Hole Digging Bar 6 ft. 


PLATE LI. 
A, 1. Е. E. 
VOL. XXXIV, NO- 6 
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The foreman is provided with 40 per cent dynamite, exploders 
and battery. 

The foreman lays out and stakes the center of each hole. In 
order to avoid the transportation of a templet, the laying out is 
done as follows: 

The engineer stakes the center of the tower and marks the tower 
height on the reference stake; in addition to this two stakes are 
put down in the direction of the line and two stakes across the 
line. These four stakes give the center line of the base. А cord 
is strung across two of the stakes and the distance from the 
center stake to a line through the center of two holes on the same 
side measured by means of a stick cut to length. The point ar- 
rived to is marked with a pin and the operation is repeated on the 
other side of the center. By swinging the cord 90 degrees to the 
other stakes two more points are located. Ву laying out two 

sticks of a lenyth equal to half the 
base width of the tower from two ad- 
jacent points found in the first opera- 
tion, and then swinging them til! their 
ends meet, the center of one corner 1s 
located. The operation is best under- 
S» stood from the accompanying sketch. 

In this way two men can lay the 
base out in less than five minutes 
and no heavy tools are required. One 
man is provided for each hole, and the 
foreman is able to take care of three 
to four gangs. When a man starts a new hole he first makes 
a circle, approximately 16 in. diam. around the pin, and the 
foreman sees to it that he keeps his hole inside this circle. 

The hole is dug about three feet deep using the post hole 
bars to loosen up the soil, and a long handle shovel to scoop 
it out. If the soil at this depth is too hard to scoop out with 
a spoon a hole about two feet is punched in the center and the 
hole shot with about one half stick of dvnamite. The dyna- 
mite will loosen up the soil and works down and sideways so 
as to form the bell. After the shooting, the loose dirt is scooped 
out with a spoon. Under ordinary conditions one man can 
dig from two to three holes a day in this manner, In some 
places rock has been encountered. Sometimes this rock is 
soft enough to be dug out with а bar, in other places it has to 
be drilled and dynamited. Three to four shots generally opens 


Stake 


Stick cut to length 


Stake 
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the hole. Ц has been tried to blow holes open with dynamite 
in the following way: 

A hole is punched about four feet deep by means of a bull 
point and one half stick of 60 per cent dynamite lowered to 
the bottom of the hole. One half stick of 40 per cent dynamite 
is suspended in the hole about 8 inches above the bottom stick 
and another half stick of 40 per cent with a fuse cap about 
20 inches from the top. Ву this method one man has been 
able to open a hole in 45 minutes, but due to unfavorable soil 
encountered, this method was not generally followed. 


CONCRETING 


The concrete mixture used for the foundations is made in 
proportions varving from 1:2:4 to 1:3:5. The cement is good 
quality Portland cement. Test samples taken from various 
lots show that the cements mect the specifications of the American 
Society for Testing Materials. Three-quarter-inch stone and 
sand were shipped in carload lots to various stations along the 
line. Four head teams were used for hauling the material from 
the railroad stations, cach team being capable of hauling from 
š yard on bad roads to 1.5 yards on good roads. The distri- 
bution was kept well ahead of the concreting gang, 1.5 vards 
of stone and 3.4 vards of sand being dumped at cach tower 
site. This amount was increased about 50 per cent at every 
fifth tower, so as to make up for occasional shortages. The 
cement was delivered in bags, and had to be distributed as 
the work proceeded. In most cases no storage room was avail- 
able at the railroad stations and, therefore, the cement had to 
be stored in farmer’s barns along the line, 100 to 200 bays being 
stored at each place. A team following the concreting gang 
could pick up the cement at these barns and could distribute 
the bags directly ahead of the work. This procedure kept the 
1055 due to wet weather at a minimum. 

The equipment for a gang of men engaged in transmission 
line work must necessarily be made as light as possible on ac- 
count of the small amount of work to be done at each place. 
This is especially true of the concreting gang, as those men 
invanably spend more time in moving than in concreting. 

The time required for mixing and pouring the concrete is 
about three quarters of an hour, while moving and setting 
up takes about one hour. The move from tower No. 312 to 
No. 313 at Big Gun Powder crossing mav be given as an ex- 
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aggcrated example of the time required for moving. The tcams 
had to make a detour of about five miles at this place and it 
required eight hours to move the concreting outfit between the 
two towers, a distance of 1100 feet. 

A 2.5-cu. ft. hand mixer had done excellent work on the Lan- 
caster transmission line and such a mixer was, therefore, pur- 
chased for the work on line No. 56. This mixer runs on two 
wheels and weighs about 1000 lb. with loading platform. The 
wheels, are provided with separate axles and a few days work 
showed the necessitv of strengthening these axles, which was 
done with a heavy flatiron strap on each side of the mixer. 
'This mixer is still in good condition after being hauled 40 miles 
over rough ground. Water was hauled in a stecl tank mounted 
on a two horse wagon. Тһе tank was made of 1-іп. steel plate, 
which proved to be unnecessarily heavy. | 

Water was taken from small streams and creeks and was 
drawn up by means of a 4-in. boat pump. A more efficient 
wav would be to mount a small lever suction pump equipped 
with 10 to 15 fect of hose on the tank wagon. With such a 
pump the water could be reached without driving the wagon 
too close to the soft banks of the strcam. 

Smaller tools needed by the concreting gang arc: 


wheelbarrows 
concrete buckets 
barrels for water 
digging speons 
shovels 

digging har 

concrete chute for the mixer 
level board 

24-1in. carpenters level 
cross cut saw 

maul hammer 

set of carpenters tools 


кеі mA — — — — — Ç М >» j> ы 


In addition to this, a small amount of blocking and running 
boards must be carried. 

The smallest number of men needed for efficient handling 
of this work 15 one foreman with nine men, with from one to 
three teams depending on the length of haul of water and cement. 
The men would be distributed as follows: 

One man wheeling stone 
“ “ ““ sand 
Two men whecling concrete 
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One man hauling water and cement 

Two men turning mixer 

One man loading wheclbarrow with concrete 

Опе man tamping 

The teams hauling water, cement and assisting in moving. 


Two or three additional men сап and have been used to 
advantage in this gang. When placing concrete these addi- 
tional men seem unnecessary being mostly occupied. with load- 
ing sand and stone in wheel-barrows and bailing water from 
one barrel to another, this latter operation being пессѕѕагу on 
account of the difficulty 1n moving the water wagon or a full 
barrel. The real benefit of these men is, however, shown when 
moving. Let us consider, a case where two teams are avail- 
able for moving. Ав soon as the last batch of concrete is mixed 
a number of men will start loading the tools on the wagon. 
But before this, two men have been sent ahead to set the forms 
and place supports for the templet. Ten men are needed to 
move the templet and this leaves one man in a gang of thirteen 
to help the teamsters clean up the place and unload at the 
next tower. At the new set up the foreman will use four men 
or five men in lining up the templet. One man handles the level 
board and four men move and block up the templet in position 
and then place the anchor bolts. In the meantime the other 
men have completed the unloading, blocked up the mixer to 
such a height to. permit a wheclbarrow to be placed under the 
chute and laid out the running board so as to make everything 
ready for the placing of concrete. 

With only one team available, two trips must be made for 
the tools, and with a smaller number of men, one part of the 
job must wait for the other. It is, however, to be noted that 
the records do not show anv saving in monev, but the speed 
is increased. Naturally the larger gang will make a better 
showing in rough country where the moving 1s hard, than on 
a level stretch with good going. Two men and a team were 
sent back occasionally to strip forms, bringing them ahead, 
distributing them where needed. 

Originally buckets were used for removing the concrete from 
the mixer, but this proved to be inefficient as concrete could 
be mixed faster than it could be removed. А portable in- 
clined runwav was, therefore, made bv means of which the 
mixer could be elevated enough to permit the placing of a 
wheelbarrow under the chute. When water was found in the 
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holes it was removed with a boat pump. This worked all 
right in such places where the holes filled slowly, but in a few 
instances the water would fill in very fast and the holes could 
not be kept dry. It would be well to carry a short length of 
six-in. sheet iron pipe for such cases. The concrete could then 
be poured through the pipe without draining the holes and 
there would be no chance for the water to wash the cement out 
of the mixture. At the last end of the job a broken boat pump 
was used for this. 

No bed plates were on the job when the work was started, 
and it was, therefore, tried to finish the first group of piers 
with help of dummy plates. This proved to bea very slow 
process and did not provide a very good seat for the plates. 
The dummies were then abandoned and until the plates .ar- 
rived, piers were left about eight inches below the final grade. 
As soon as the plates arrived, an instrument man with his rod 
man and one laborer were sent back to finish the foundations, 
the bond between new and old concrete being obtained by 
means of toxement. 

When bedplates are on hand at time of making the piers, 
the concrete is poured to within an inch of the top of the bolts 
and.the instrument man gets his grade by hammering the 
plates down in the soft concrete, and is relieved from carrying 
cement and mixing concrete. 

Al| material used for concreting during cold weather was 
heated, the piers were built up to ground line only and covered 
with sand to prevent freezing. When warm weather arrived 
men were sent back to finish these piers. 


ERECTING TOWERS 

Whenever possible the towers are assembled on the ground 
in a horizontal position. А rigging gang follows the assemblers 
and erects the towers. This rigging gang consists of a foreman 
with 11 men and a four-head mule team. The general scheme 
of erection is to pivot the lower tower legs to the foundations 
and then lift the head of the tower by means of a tackle running 
from а point below the cross arms over a shear leg to a dead 
end at a convenient distance ahead of the tower. The lifting 
is done by hitching the mule team to the lead line. 

Dead Ends. In average soil the dead end consists of heavy 
iron pins, 2.5 in. diam., about 5 ft. long. Five of these pins 
are used for the main tackle, three for the back guy, and one 
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for the side guy. The pins are driven about three feet apart 
and connected with a chain, as shown in the accompanying 
‘sketch. The tackle is hooked in the front edge of the wedge. 

Tackle. Тһе main tackle consists of two 12 in. three-sheave 
blocks reeved with 600 ft of 1.25-1n. hemp rope. Both the side 
and the back guy tackles consist of 8-in. two-sheave blocks 
reeved with #-in. rope. The side guy tackle need only be а 
short one, but the back guy tackle is of the same length as the 
main, so as to reach out to the shear leg. 

Shear Leg. The shear leg is made of two 45-ft. spruce tim- 
bers, measuring about six in. at the top. The height of the 
lift is less than 43 feet as the timbers are bolted two feet from 
the top and the butts are spread about 16 feet. The pole tops 
are shod on both sides with heavy steel plates, so as to prevent 
splitting. The butts are grooved for kick lines. 

Pivots. The light section 40-ft. towers are pivoted on a 
3-in. case hardened machine bolt on each side, the bolts run- 
ning through the leg angle and standard foundation shoe. 
One tower was dropped and slightly 
damaged on account of a faulty 
foundation shoe breaking. This led 
to the ordering of one pair of shoes 
made of extra heavv angles and of 
such a height that the tower leg 


cleared the foundation plate by more than 3 in., while the 


tower was being raised. 

All extension and heavv towers are bolted to a hinge turning 
on a 1.25-in. bolt. The hinge and bolt are supported by means 
of a 3-in. plate bent in channel shape with the web resting on 


the foundation. 

Setting up Rigging. Two men each at the main lift and 
back guy select a spot in line with the tower and drive their 
pins for the dead ends. Twenty pounds sledge hammers are 
used for driving the pins. If the ground 1s too soft to hold 
the pins, a dead man is buried. One man rigs up the side guy, 
two men put the shear leg in place, fix the kick lines and fit 
the shoes on the tower, while two more men put spreaders be- 
tween the tower legs and attach the chains for the lifting tackle 
and a sling for the back guy. The main lift is hooked to the 
corner angles at the point where the braces in the first and 
second panel below the cross arm meet. This brings almost 
the full weight of the tower on the tackle. It was found un- 
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necessary to use апу spreaders in the chains. The spreaders 
used in the tower legs consist of two by four-inch green oak 
bolted together so as to form four by fout-inch. Two pieces 
bolted together make a more elastic strut, less liable to break 
if it falls down. 

Lifting Shear Leg. With pins driven, shoes fitted, and the 
shear leg in place, everything is ready to lift the shear leg. А 
wooden cross piece, usually four bv four inches, is placed 
over the upper tower legs so as to give the shear leg a start. 
The back guy tackle is hooked to a wire cable, running over 
the cross piece to the top of the shear leg and a pair of mules 
in the lead line lift the shear leg with main tackle and all. The 
main tackle is used for steadving the rig as the lifting cable 
is made to such a length that the shear leg must be pulled a 
little ahead before the chains can be hooked. The block of the 
main tackle is placed right at the top of the poles. As soon 
as the chains are hooked the tackle is slacked back and un- 
hooked. The wire cable used for this lift 1s then lashed to the 
tower, so as to prevent the shear leg from falling when the 
main tackle lets go. Lifting the shear leg this way, besides 
being the most convenient method, gives a good test on the 
pins in the back guy. 

Hoisting Tower. The shear leg being up and all rigging in 
place, the four-head mule team is hitched to the main lead line. 
Two men are stationed at each set of pins and no strain is taken 
before these men have reported everything o. К. Оп the first 
start the team goes just far enough to put full stress on the 
pins, and then stops. If everything proves all right, the team 
is ordered ahead and proceeds slowlv until the men at the back 
guy commence to feel the weight of the tower on their tackle, 
when the team is stopped. This is the most critical point of 
the erection as the tackles on both sides of the tower must be 
kept taut. In case of a line fouling, one step too many bv the 
team, is liable to pull the pins out or break a tackle, and the 
tower will fall. The team is, thercfor», moved a step at a time 
only, at this stage until the weight of the shear leg is sufficient 
to pull the tower over when the team is unhitched and the 
tower let down with the back guy alone. The front leg being 
about six inches from the foundation, the tower 1s held until the 
spreaders are moved and one foundation shoe fitted to cach 
side. When the tower is lowered the remaining six inches, 
these shoes are guided over the foundation bolts. In case the 
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special erecting shoe 1$ used the tower 15 rocked ahead by means 
of the main tackle and these shoes exchanged for standard ones. 

The side guv is used for emergency only, and is kept taut 
enough to take out the slack while the tower is going up, but 
it is not allowed to take any stress. In case something breaks 
this риу prevents the tower from falling onto line No. 12. 

Moving. As soon as the main tackle is unhooked it is stretched 
by the team so as to be ready for the next hft. The tackle 
being stretched, a chain is slung around the shear leg and the 
team drags it to the next tower. In the meantime, the rc- 
spective men coil up their tackles and load them on a wagon, 
together with pins, hammers, spreaders, and the like. While 
this is being done, one man has put all the foundation shoes 
on the tower with one bolt in each shoe. "The final bolting up 
of these shoes is done by two men behind the rigging gang 
and counted as members of the same crew. 
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II—TRANSMISSION TOWER STEEL ANCHORS SET IN EARTH 


BY J. B. LEEPER 


ABSTRACT OF PAPER 


As tower anchors have been somewhat overlooked causing 
in some instances much loss, these notes are written to call 
attention to the importance of properly designing them so that 
the maximum strength of tower may be obtained with the 
most economical outlay. The notes show: 

1. A method of figuring the loads to be resisted by the anchors. 

2. The importance of resisting the horizontal as well as the 
vertical loads. 

3. The effect of the shape of the anchor on strength of tower. 

4. Various types commonly used. 

5. The economy of the use of an all-steel anchor. 


ie ABILITY of a tower to resist the loads coming on 
it depends largely on properly designed anchors and it 
's the intent of the following notes to call attention to this fact. 

A large percentage of the loads on a tower or pole, are in a 
horizontal direction, and are applied thereto near the top, 
causing an effect of overturning at the base. This overturning 
moment, together with the load causing it, must be taken up 
© the anchorage. 

To illustrate; let Figs. 1, 2 and 3 represent wide base towers 
having separate anchors for each leg. Fig. 1 illustrates a tower 
‘n which the leg angles extended would intersect at or near the 
iesultant of the applied loads. Fig. 2 represents a tower 
vith parallel legs where the bracing carries all the horizontal 
wads, while, Fig. 3 shows a tower with legs battered so that 
part of the horizontal forces are carried down through the legs 
and part by the bracing. 

Let A represent a horizontal force applied to the tower at 
height X from the base, then the anchors must resist a hori- 
zontal force equal to A, and a moment equal to AX. If Y 


» 


quals the distance apart of anchors, then Y 
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vertical load on each anchor due to force A, force B acting down- 
ward on one anchor and upward on the other; the horizontal 
force A being divided equally between the two anchors if the 
tower is built as shown in Fig. 1. If built as shown in Fig. 2, 
it is all taken up by the tension anchor, while if built as shown 
in Fig. 3, the tension anchor takes the same amount as the 
compression anchor plus the shear carried down bv brace Z. 
If horizontal strut W is used on towers of Figs. 2 and 3 the 
anchors will each carry one-half of load A, as for Fig. 1. 

In designing the anchors both the horizontal and vertical 
loads must be kept in mind, and as illustrated above, the posi- 
tion of the loads, together with the shape of the tower, will 
determine the amount of each. 


Fic. 1 Fic. 2 Fic. 3 Fic. 4 


To resist the vertical load on the anchor is a comparatively 
easy matter and is usually done by extending the leg of the 
tower down into the ground to a steel or concrete base. 

On account of the variability of the character of the earth and 
the uniformity of the material in the towers, it seems that the 
anchors should be designed for a greater possible overload than 
the towers. How much greater is a question of judgment only. 

In designing the anchors to take the uplift we assume the 
weight of earth at 100 lb. per cu. ft. and that of concrete at 
150 lb. In case о ап all-stee! anchor we figure the weight of 
an inverted frustum of a pyramid whose sides incline at an 
angle of 30 deg. with the vertical, assuming this to be the ulti- 
mate resistance of the anchor. From the results of some of our 
tests it seems that these assumptions will give no allowable 
overload with freshly tamped earth, (see report of tests ap- 
pended). We have made no tests on anchors after they have 
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REPORT OF TESTS ON STEEL ANCHORS 
SHOWING MOVEMENT DUE TO LOADS APPLIED TO TOWERS 


Vert. Move't.| Horz. Move’tiTime 


тром. fh Gone inches ` | Top of Stub/ set 
Теѕ Dist. мм— —— — - | before 
Мо) A | Base TA Up- |Down-| Ten- |Comp.| Test 


ward | ward | sion 


— |. | ee E | | | | | ee | u .... 


24.8| 24.8] 1.44 .31 “A” Frame 
1 | 776” 30” | 37.2| 37.2] 4.00 .56 Bolts failed in conn. 
Sqr.| 49.6| 49.6] 7.00 | 1.06 of stub to leg. 
64.6| 64.6] 7.25 | .... 5 mo. 4-23-13 
24.8| 24.8 .37 | 1.00 “A” Frame 
2|7'6"| 30” | 37.2] 37.2] 1.13 | 1.63 Comp. stub buckled 
Sqr. | 49.6] 49.6 | 3.00 | 2.50 2 mo 
53.4| 53.4 §-15-13 
10” 7.4 7.4 .25 .25 “A” Frame 
3] 604 X 14.91 14.9| 1.87 .75 Anchor pulled up. 
30” 19.3] 19.3 3 mo. 4-23-13 
5.7| 15.7 .06 ‚44 TowerA 
11.11 21.1 . 56 .44 Tower failed іп 
4 | 7'6"| 30” 16.5 26.5] 1.31 .81 |Not Riecorde |а lower panel due to 
Заг. | 21.9] 31.9] 2.31 | 1.00 6 wk. [movement of An- 
26.6; 36.6] 4.06 | 1.19 chors Horz.and ver- 
42.0| 52.0 ee tical. 7-1-13 
Tower А 1. | 
1.60 .31 .31 Tower failed by 
5 | 7'0"| 30” | 31.2 .75 .94 shear of bolts about 
Sqr. | 36.6 ... | 1.06 halfway up the 
tower. 9-15-13 
40.0} 45.6 .13 .06 Tower B. 
60.9| 67.51 1.06 .25 Tower failed т 
6 |10^0^| 60” | 81.9 | 89.3] 2.62 .50 |--1.25| —.44| — lower bay due to 
x |102.8 1111.2 | 4.69 .75 | .... movement oí an- 
72” |107.71116.31 5.56 | .... |+3.00 chors. 10-14-13 
39.1] 46.9 .13 .13 Tower B. 
60” | 60.7| 68.5 .31 .31 |+ .25| —.13 Tower failed in 
711007 x 82.2] 90.0 .56 44 12 da.lbottom bay. 
72” |103.7 | 111.5 .87 62 
121.6 [129.4 | 1.13 69 |+ .50 -.50 
135.4 | 143.2 E 12-12-13 
39.1| 46.9 ‚13 ‚19 Tower В 
60” | 60.7| 68.5 .37 .25 |+ .25 —.13 Tower not tested 
8 1070” x 82.2] 90.0 .62 .37 4 wk. [to destruction. 
72" |103.7| 111.5 94 ‚50 
121.6|129.4| 1.25 .62 |+ .75| —.13 
136.8 | 144.6 | 1.50 . 69 12-22-13 
41.2| 45.2 2931 .25 |+ .25 — .0 Томег С. 
48” | 56.4| 60.4 .50 .44 Tower leg failed 
9|9’0" x 80.0| 84.0| 1.00 .75 3 wk. |in lower panel 
60” | 100.0 | 104.6 | 1.87 94 
112.7 1116.7 T 12-5-13 
31.0| 36.0 ‚62 ‚50 |+ .25 ‚0 Tower С. 
10 | 776” 30” | 36.0| 41.0| 1.00 .81 |+ .25 .01 2 wk. | Tower leg failed іп 
баг. | 40.0] 45.0 | 1.19 | 1.00 |+ .37 0 lower panel. 7-16-14 
26.3| 29.7 44 .50 |+ .13 0 Tower Е. 
11 | 770”! 30° | 34.11 37.5 75 .75 |+ .13 0| 2 da. | Tower failed near 
Sqr 41.0| 44.5 top. 8-28-14 


Tests 1, 2 and 3 were made with “А” Frames. 

Tests 4 to 11 inclusive were made with 4 legged Towers. 

Style of anchor for tests 1 to 4 incl. and 5 to 9 incl. Pier to Fig. 9. 

Style of anchor for tests 5, 10 and 11 similar to ios | 
Bases of all anc! ors were in form of grillage except No. 3 which was 2L5 b to b. 
Distance A above is depth of grillage from ground level. 
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been set long enough for the earth to have settled in the hole 
and become bonded with the surrounding earth. The tests 
we have made show that the earth in the hole moves up with- 
out disturbing the surrounding earth. It would be very т- 
teresting to test some anchors for the uplift after all settlement 
has been completed, although a transmission line is usually in 
operation long before the earth has settled completely. 

We have found that, although the load on the anchor of the 
compression side is somewhat greater than the uplift, the 
governing feature 1s the uplift, and that if the latter is properly 
cared for there will be practically no movement downward on 
the compression side, the anchors for each leg being made alike. 

To resist the horizontal force is also a simple matter if the 
tower is so constructed that all the horizontal shear is taken 
up in the legs, as would be the case in the tower of Fig. 1, but 
on account of the necessary separation of wires and other con- 
ditions it is usually more economical to use construction illus- 
trated by Figs. 2 and 3. In Fig. 2 all the horizontal force must 
be taken care of near the surface of the ground, but in Fig. 3 
due to the batter in the legs, a part of it is taken by them directly 
to the base, the remainder must be taken care of near the sur- 
face of the ground. 

It may be proper to note here that the failure of many towers 
has been due, at least in part, to the fact that proper provision 
was not made for this horizontal force. 

The most of the failures of which I have reports have oc- 
curred on towers with anchors as shown in Fig. 6 with concrete 
omitted, which is a very common type. With this tvpe there 
is very little resistance to the horizontal component of the 
stress in the bottom diagonal. The consequent horizontal move- 
ment of the main body of the tower causes buckling in the com- 
pression leg. A horizontal strut near the ground level pre- 
serves the shape of the tower, but tends to cause buckling in 
the compression stub and also is generally more expensive than 
the use of anchors of Figs. 7 and 8. This tvpe may, however, 
be used if care be taken in the design of the tower to see that 
there is a small stress in the bottom diagonal. 

There are several effective methods used in constructing 
anchors to resist this horizontal force, such as illustrated in 
Figs. 5 to 8 inclusive. 

Fig. 5 shows an all-concrete anchor to which the tower leg 
is held by means of anchor bolts. 
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Fig. 6 shows a combination of concrete and steel, the leg 
extending down into the concrete with lugs at the bottom to 
give bearing on the concrete; the legs being spliced a little above 
the top. 

Fig. 7 shows an all stecl design, using four battered angles 
extending from a point: slightly above the ground level to a 
base at the bottom. It resists the vertical load by means of 
а system of angles around the bottom as shown, and the hori- 
zontal force by the batter of the upright angles. Тһе objec- 
tion to this type is that it must have a perfectly flat bottom 
on which to rest, or unequal stresses will exist in the different 
lees of the anchor. This design is in use on the Big Creek 
Line of the Pacific Light and Power Company, and others, 
and although somewhat expensive on account of its weight 


ELS Gr Elev 
17) Sz 4^) 


Anchor Bolts 


Fic. 5—SHOWING CONCRETE Fic. 6—SHOWING CONCRETE 
FoorING WITH ANCHOR BOLTS FOOTING WITH LEG ANGLE AT- 
FOR ATTACHING THE LOWER TACHED TO STUB ANGLE WHICH 
LEG EXTENDS INTO THE CONCRETE 


and character of shop work, should prove very satisfactory if 
properly set. There are other anchors of this type but this 
seems to be the best, everything considered. 

Fig. 8 shows an all steel anchor which has proved very satis- 
factory, and as far as I know, the least expensive anchor of 
efficient design that has yet been constructed. In this anchor as 
shown, the vertical force and part of the horizontal force is 
communicated through the single stub angle to a steel grillage, 
the balance of the horizontal force being taken up about two 
ft. below the ground level by extending the bottom diagonal 
of the tower down to the stub angle at that point, where a 
channel or plate of sufficient area is placed to resist most of the 
load. This style of an anchor has several advantages: 

1. The leg splice to the stub can be kept far enough above 
ground to be out of the zone of serious corrosion. 
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2. It can be made practically permanent bv splicing the stub 
about three ft. below the ground, making it possible to renew 
the part of the anchor at the ground level with small expense. 

3. Ease of setting, back filling and tamping properly. 

4. Small amount of steel necessary and inexpensive shopwork. 

The accompanying photographs illustrate the ability of this 
style of anchor to resist all the loads which are applied toit. In 
each test that has been made on towers set on these anchors 
the break has been due to other causes than the movement 
of anchors. 

In this connection I wish to state that we have verv few 


Fic. 9—ALL-STEEL 
FooTiING witu Hor- 
IZONTAL FORCE IN 


Fic. 7—SHowiNG Fic. S—ALL-STEEL BoTTOM DIAGONAL 
ALL-STEEL FOOTING FOOTING FOR EARTH NOT PROPERLY PRO- 
FOR EARTH SETTING SETTING VIDED FOR 


definite data, sccurcd from actual tests, which show the effect 
of the applied loads on the anchors and towers when taken 
together. I think this is due to the fact that engineers when 
specifying their tests do not state clearly how the tests are to 
be made and as a result the towers to be tested have been set 
оп а rigid foundation, which does not show how the tower would 
act on its foundation in the field, unless they are to be rigid. 
This fact was shown about two years ago when some tests 
were being made under the direction of Mr. Mershon on some 
towers for the Inawashiro Hydro [Electric Power Companv. 
These towers and their anchors were made as shown in Fig. 9. 
The bottom diagonal of the tower is attached to the leg of 
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tower above ground. We found that the towcr always failed 
in the bottom panel when set on its own anchors, but might 
fail anvwhere if tested on a rigid foundation. 

In general anchors should be stable, permanent and cconom- 
ical. 

Concrete anchors are stable and permanent, but in most cases 
will be found too expensive and sometimes their cost is pro- 
hibitive. 

Steel anchors, if properly designed and sct, can be таас 
practically as permanent as concrete and are much less expensive. 

It should be remembered that there are parts of a tower 
' that may fail without causing complete collapse of the tower, 
but the anchors are not among these parts. 
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FOUNDATIONS FOR TRANSMISSION LINE TOWERS 
AND TOWER ERECTION 


ПІ--ТНЕ ALABAMA POWER СО. 


BY W. E. MITCHELL 


ABSTRACT OF PAPER 


The development of the type of all-steel tower footing used by 
the Alabama Power Company for their 110,000-volt double- 
circuit steel tower transmission lines is outlined with a summary 
of the conditions influencing the designs finally arrived at. 


T HAS BEEN the writer's opinion for some years that con- 
crete foundations for steel transmission line towers in 
most sections of the country were not warranted. Due to the 
inaccessibility of most lines and the impossibility of finding 
proper concrete materials near them, the cost of concrete founda- 
tions, including excavation, frequentlv runs above $100 per tower 
and seldom goes below $50. 

At the start of the development of the Alabama Power Com- 
pany a careful investigation was made of the general territory 
through which the lines were to run with particular reference 
to railroad and wagon road facilities and concrete materials. It 
was found the roads were bad and hauls of from four to ten miles 
from the nearest railway stations were frequent. It was also 
found that while all lines ran through country with a good clay 
or disintegrated rock soil, there was practically no sand, gravel 
or hard rock available for concrete. Studies were therefore made 
of all-steel foundations and the first 1000 towers were supplied 
with footings as shown in Fig. 1. 

The towers were designed for two circuits of No. 00 seven- 
strand medium hard drawn copper and two 3-іп. Siemen's 
Martin ground wires. The average span was figured as 750 ft. 
and maximum span 1000 ft. Minimum ground clearance for 
conductors 25 ft. The loadings used were eight pounds per 
square foot of projected area of conductors and sixteen pounds 
per square foot on flat surfaces. Ice loading was taken as } in., 
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as in the section the develgpment is in, sleet 1s practically un- 
known. Temperature variation 100 deg. fahr. 

The test loads on the towers were: 

No. 1 A horizontal pull in direction of line of 3000 Ib. at any 
insulator or ground wire support. 

No. 2. A vertical load of 1200 lb. at end of any one or all 
cross arms. 

No. 3. A horizontal pull, transverse with line, of 5000 Ib. 
applied at middle conductor cross arm on center line of tower and 
at the same time a load of 7000 lb. parallel with line, applied at 
the top conductor cross arm on center line of tower. 

Specifications for tower material were: 

Material: A. R. E. Association. O. H. structural steel. 
Unit Stresses: Tension, 25,000 lb. per sq. in. 


| 25000 
Compression, р 
I+ —— 
18000 7? 


Bolts; Shear, 20,000 lb. per sq. in. 
Bearing, 40,000 lb. per sq. in. 
All material galvanized, except bolts to be sherardized. 


Connection bolts, 3 in. diameter. Ladder bolts $ in. diameter. 


Anchorage connection bolts, $ in. diameter. 

With the above data for designing the towers proper, the de- 
sign of the footings was arrived at as follows: 

Experiments with buried disks and other flat plates show that 
in pulling them up the soil is removed 1n the form of a cone 
and that the angle of the sides of the cone very closely approxi- 
mates the adherence angle of the soil. In determining upon the 
size of the footing and the depth to which 1t should be put, it was 
assumed that the maximum force withstanding tension in the 
tower stub was the weight of an inverted truncated cone of 
earth which had the arca of the tower footing as the smaller base 
and sloped outwardly at an angle of 30 deg. from the vertical. 
The weight of the soil was assumed as 100 pounds per cubic foot. 
In this calculation no account was taken of the unknown but ever 
present friction between the soil in the cone and the surrounding 
soil. 

To withstand a thrust on the footing, a fair bearing pressure 
per square foot was assumed. Ву these calculations it was found 
that a base about 6.25 square feet 1n arca and buried 7.5 feet in 
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the earth would give a factor of safety of two. The lightest 
grillage for this given strength therefore was 2.5 feet square. 

In the field work it was found that it was necessary to dig a 
hole at least 2.5 feet by 3.5 or 4 feet in order to allow the men 
sufficient room in which to work. It was evident therefore that 
an anchor of rectangular shape would require less excavation 
and for that reason the later towers were ordered with anchors 
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2 feet by 3.5 feet in area. The grillage weighed more but the 
saving in field work more than off-set the greater cost of metal. 

In tests and in the field where the erected towers were sub- 
jected to heavy overturning strains, it had been noticed that the 
legs tended to move toward each other at the ground line, show- 
ing that the earth, though well tamped around the stub, would 
yield to the horizontal stress in the lowest diagonal. At this 
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point the tower leg must resist a force at right angles to its 
loading, and this force acts upon a verv long lever beam. To care 
for this force, it was decided to make the point of junction of the 
lowest diagonal and the tower lcg, about 2.5 feet below the ground 
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line and there put in some horizontal resisting surfaces. These 
latter were made of two pieces of 6-in. channel 18 in. long bolted 
to the leg at right angles to each other. A tower with these 
modifications of the footings and lower diagonals was tested to 
destruction. "The bolts in the upper part of the tower, as shown 
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by the arrow in onc of the illustrations, sheared; the legs of the 
tower as evidenced by the ground at the base had not moved. 
These changes produced a tower which we believe has no 
superior for the same weight. 

In traversing such rough country, it was frequently necessary 
to locate the towers, or one or more legs at least, on a bed of rock. 
In some cases, the rock was decayed enough to make the use of a 
grillage footing advisable; in many cases however the foundation 
was of such stable character that it was practically necessary 
to use some type of rock anchor. This feature was studied and 
as a result, the anchor shown in Fig. 3 was developed. It isan 
angle the same size as the leg angle of the tower which at the 
lower end has been rounded and scarfed. А hole 2.25 inches in 
diamcter was drilled and the anchor grouted into place. This 
formed a footing which was matcrially cheaper and easier to 


d АП Holes He 343 eu М/- Forged round 
Rounded off to fit inside Leg of A Tower 


Fic. 3—Rock FOOTING FoR “А” TOWERS 


install than the use of a special tower footing with the two or 
more anchor bolts. 

In excavating, hand drills, coal augers, and a portable gasoline- 
driven air compressor with a jack hammer drill were used. 
Forty per cent dynamite was used and practically all holes were 
shot. The coal augers did not prove satisfactory. The com- 
pressor outfit however effected a saving of about 25 per cent over 
hand drilling. The drawback to 1t was that it could not be used 
in very rough country due to the impossibility of getting it near 
the tower location. 

Towers were located by the field engineer from the spotting 
made in the office on a profile of the line. Reference hubs were 
set and depth of excavation for each footing marked. All four 
footings were set at one time using a template, and were levcled up 
with a carpenter’s level and level board, or with an engineer’s Y 
level. The backfill was carefully tamped by hand. Experiments 
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with a regular gasoline-driven ditch tamper showed very good 
results where it could be used, but the roughness of the country 
prevented its use to any large extent. 

Examination of footings after one vear show only very slight 
settlement and no movement of tower base whatever. Towers 
were assembled complete on the ground, the insulators hung on 
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the crossarms, and then raised with a gin pole. The average 
assembling crew assembled from twelve to sixteen towers per 
day and the erecting gang raised about the same number. The 
best record was twenty towers raised in one ten-hour day. 

Excavation, sctting footings and back fill, with all steel founda- 
tions, cost on an average of $28.00 per tower; assembling 4800- 
pound towers cost $10.00 and erection $5.00. 


To be presented at the 324 Annual Convention of 
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Deer Park, Md., June 29, 1915. 
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FOUNDATIONS FOR TRANSMISSION LINE TOWERS 
AND TOWER ERECTION 


IV—A FEW ESSENTIALS IN TOWN LINE CONSTRUCTION 


BY P. M. DOWNING 


ABSTRACT OF PAPER 


In this paper the author briefly emphasizes the fact that the 
weakest link of any transmission system is the line, and that 
this part of the plant has never been given the consideration it 
deserves. 

Towers are strongly advocated for important trunk lines, 
and certain conditions to be met in the design of same are given. 
The use of concrete footings is recommended in preference to those 
of metal set directly in the ground. 


ТЕ USE of wooden poles in connection with high voltage 

transmission lines, especially important trunk lines, is 
fast being superseded by stecl towers. The wonderful growth 
of the clectrical industry during the past few vears has resulted 
in the construction of larger generating stations, and the trans- 
mission lines carrying these heavier loads have become of cor- 
respondingly greater importance. 

During all of this time, except for a noticeable increase in the 
sizes of the units used, there has not been any radical change in 
the equipment of hydroelectric generating stations. The same 
general types of turbines and impulse whecls as were used fifteen 
or twenty years ago, during the infancy of the industry, are still 
being used. Slight modifications in the design of the generators 
the use of the better material now available, and higher speeds 
have resulted in larger units and increased efficiencies. Trans- 
formers have kept pace with the generators and water wheels, 
both as regards size and efficiency, but have never been in any 
respect the limiting feature in high voltage transmission work. 

The line is and has alwavs been the weakest link of the entire 
system, and it is only during the last few vears that this part 
of the work has received the attention it deserves. Wooden 
pole lines with pin tvpe insulators were for many years used al- 
most exclusively, regardless of the voltage, or the importance 
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of the line; in fact, it was not until 1903 that the first commercial 
tower line in America was constructed by the Guanajuato Power 
Co., in Mexico. The first line using towers with suspension 
insulators was the 140-mile 100,000-volt line of the Stanislaus 
Power Company in California, (now the Sierra and San Francisco 
Power Со.). 

The tower designs first constructed called for each structure to 
be self-supporting under strains due to the breakage of all con- 
ductors on one side of the tower together with maximum ice 
and wind strains. This resulted in a heavy, durable structure 
of high first cost, and imposed a very much more severe condi- 
tion than could be met by pole lines. 

Little attention had ever been given to the determination of 
the strength of wood poles, either by calculation or actual test, 
and there is no doubt but that such strength requirements in 
line towers was unreasonable. Subsequent experience has shown 
that the average tower is too complicated a structure to accur- 
ately calculate the stresses in the different members, and it is now 
generally conceded that the best and only safe way to get reliable 
information as to the stability of a tower, is to subject it to 
actual test. 

A very safe condition under which to test towers to be used in 
a country not subject to severe snow and sleet conditions, is to 
consider a wind pressure of 14} lb. per sq. ft. on flat surfaces, 
combined with a temperature range of 125 deg. fahr., or a pressure 
of 21 lb. per sq. ft. on flat surfaces under ordinary temperatures; 
also two broken wires in any span of a circuit carrying six wires. 
These breakages to be in such positions on the tower as will give 
maximum strain. The height of the tower will depend on the 
spacing and the required clearance of the conductor above the 
ground. Considerable difference of opinion exists as to the most 
economical length of span that can be used. These range from 
400 to 1200 ft., depending to a considerable extent on the charac- 
ter of the country, the climatic conditions and the voltage of the 
line. 

Where the line is subject to heavy snow and sleet conditions, 
the spans must be short, and very often under such conditions 
it is inadvisable to place the three conductors in a vertical plane. 
A very much better and safer construction can be had by using 
single circuit towers with the conductors in a horizontal plane. 
Under these conditions any unequal distribution of the snow 
load on the different conductors will not cause them to come in 
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contact with each other. On 100,000-volt lines carrying two 
circuits of three wires each, located in vertical planes on the two 
sides of the tower, a spacing of 800 to 1000 ft. will generallv be 
found to give maximum economy. 

Tower foundations depend largely on the aie of the soil 
in which they are located. In heavy ground a metal footing 
having sufficient resistance against up-lift may be used, but they 
are not to be recommended. The permissible strains borne 
by well tamped dry earth do not alwavs obtain under water 
soaked flood conditions. Where 
metal footings without concrete 
have been used, too often they 
have been found inadequate and 
resulted in the ultimate failure of 
the tower. Under no circum- 
stances, except on very short 
towers, should single post footings 
be used. Two or three posts give 
a much more rigid and substantial 
construction, but materially in- 
crease the first cost of the structure; 
in fact, for the same factor of 
safety, it is very doubtful whether 
under any normal conditions the 
difference in first cost between the 
metal and concrete footings will be 
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FOR 75-Fr. DOUBLE CIRCUIT 


LINE TOWER originally constructed with all 


metal footings, tower failures have 
Ей and it has since been found necessary to reinforce 
them with concrete. 

On the basis of an 800-ft. spacing between towers, and an 
allowable stress of 15,500 Ib. per sq. in. for copper conductors, 
the sag at 60 deg. fahr. would be approximately, 20 ft. Ona 
double-circuit tower line, having conductors strung to this ten- 
sion and spaced 10 ft. apart, with a required clearance of 30 ft. 
above the ground, a 75 to 80 ft. tower would have to be used. 
The footings of a tower of this height under the assumed load 
conditions should contain not less than 1} cu. yards of concrete 
per leg, and be of a form similar to that shown in Fig.1. Оп the 


1196 © DOWNING: TOWER FOUNDATIONS [ June 29 


basis of concrete weighing 140 Ib. per cu. ft., earth 110 Ib. per 
cu. ft., and assuming the angle of cleavage of the carth as 30 deg. 
from the vertical, a footing of this kind would have a factor of 
safety of approximately two. 

In pouring the concrete in a footing of this kind the bottom 
pan-cake is placed without a form, and allowed to set just long 
enough to support a metal form for the upper portion. 

To insure against weakness duc to possible poor bonding along 
the plane of contact between the upper and lower portions of 
concrete, it is advisable to use short pieces of reinforcing, or let 
the metal footing extend well down toward the bottom of the 
foundation. | 

The cost of footings of this kind on a line run through average 
country such as will be found between a hydroelectric plant in 
the mountains, and a distributing center in the valley, that is. 
where the route is about equally divided between mountains and 
valley, is, approximately, $90.00 per tower, divided as follows: 


и ae Ra $40.00 
оет КЛ кы ае 16.00 
Hauling matcerial........................ 34.00 

$90.00 


These prices are based on labor at $2.50 to $3.00 per day, and 
concrete mixed by hand at cach tower; average haul for material 
six to eight miles. 

In a country that is not too steep, the most economical way of 
erecting towers of this size is to assemble them on the ground 
and end them up into position. One very casy and satisfactory 
way of doing this is to set a 30 or 35-ft. gin pole just outside of the 
footings holding it in position by three guvs fastened to iron stakes 
driven into the ground for anchors. Over an open sheave on the 
top of this gin pole is carried a 0.5-1n. flexible steel cable опе end 
of which 1s connected to the tower at the lower cross-arm, the 
other to a set of triple blocks made fast to another anchorage 
300 or 400 feet from the base of the tower. Where the ground 
around the footings 15 not well packed, it is advisable to use 
hold back anchors on the ground legs, as otherwise the heavy 
pull against the footings when the tower starts to raise ts 
liable to damage them. А back guy should also be provided to 
prevent the tower dropping into place as it comes up to a vertical 
position. Ordinarily side guvs are unnecessary, but during windy 
weather it is well to have them held loosely as the tower raises. 
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The best motive power for this work is a 3 ton motor truck which 
can be used not only for raising the towers, but also for trans- 
porting tools and equipment between towers. A crew of nine 
men with a truck will raise and fasten to the footings an average 
of 9 towers per work day of 8 to 9 hours. The insulators are 
attached to the tower while it is on the ground and raised with it. 

While there are few, if anv, tower lines that have been in ser- 
vice long enough to determine the relative merits as between 
galvanizing and painting of steel structures of this kind, there is 
every reason to think that hot dip galvanizing when properly 
done will prove the more satisfactory in the end. The first 
cost of painted towers is less than galvanized, but at the very 
best, the painting will last only a few years. Аз an offset to 
the lower first cost of painting, there would be the increased 
maintenance cost. Moreover the tops of the tower could not 
be painted with voltage оп the line. To do this part of the work, 
service would have to be interrupted. This objection alone would 
in many instances be a most serious one, and doubtless, would 
oftentimes be the determining factor in deciding in favor of the 
galvanized structures. 

There is nothing, thus far, to indicate that there 1s any ap- 
preciable deterioration of the galvanizing when set either in the 
concrete or directly in the ground. Galvanized tower bolts 
are not entirely satisfactory. It has been found that almost 
invariably the bottom of the threads will ke so filled up with the 
galvanizing that the nuts cannot be run on. Sherardizing over- 
comes this trouble, but is open to the objection that this process 
15 inferior to hot dip galvanizing, and it 1s often only a matter 
of a short time when the sherardizing will disappear and the 
bolts rust. After the tower is erected it should be gone over care- 
fully, all bolts tightened and the threads upset, so that the nuts 
cannot work loose. 

Unless this is done the vibration of the tower due to the wind 
will, within a few months or a year, cause the nuts to loosen and 
back off a turn or two, thus materially reducing the rigidity of 
the tower. This same thing will happen on the clamp bolts 
holding the conductor, unless lock washers, or some other means, 
are provided to prevent it. ` 
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THE CALIBRATION OF CURRENT TRANSFORMERS 
BY MEANS OF MUTUAL INDUCTANCE 


THE MEASUREMENT OF MUTUAL INDUCTANCE AND SELF- 
INDUCTANCE AND ALTERNATING CURRENT RESISTANCE 


BY CHARLES FORTESCUE 


ABSTRACT OF PAPER. 
` Reasons are given for the selection of initial inductances as a 
means for calibrating current transformers, the most important 
of which is the wide use to which they may be put besides the 
calibration of current transformers. 

The design and manufacture of the apparatus is described, 
reasons being given for the choice of the form of the secondary 
coils of the mutual inductances which is a uniformly wound 
ring, and of the material used forthe core, namely marble. The 
formula used in calculating the values of mutual inductance 
is given and its limitations stated. Variations in physical di- 
mensions are given and errors in calculated values discussed. 

The method of calibrating the mutual inductances is described 
which illustrates also one method of using the apparatus for 
measuring mutual inductance. 

The method of measuring rates and phase-displacements 
by means of the apparatus, and the merits of various instrument- 
for obtaining a balance are described and discussed. 

Àn artificial method of loading the transformers under test is 
proposed. Its advantages are pointed out. 

The use of the apparatus for measuring mutual inductance, 
self inductance and alternating current resistance is described. 

In conclusion it is stated that the apparatus has been satisfac- 
tory, and has given little difficulty in manufacture. 


INTRODUCTION 

HE ACCURATE calibration of current transformers is a 
problem of considerable commercial importance, but it 
is only in recent years that this fact has been realized. As 
a result, null methods of measurement have come to be 
adopted on account of their convenience and accuracy. The 
apparatus herein described 1s believed to be the first commercial 
application of mutual inductances for measurement of ratio and 

phase displacement on current transformers. 
The use of mutual inductances for measuring the ratio and 
phase displacement of current transformers is not new; their 
employment for this purpose is mentioned by Albert Campbell, 
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B. A., of the National Physical Laboratory, in an article in the 
Philosophical Magazine, Vol. ХІХ, 1910. 

The method of using mutual inductances for calibrating cur- 
rent transformers described in the present paper was arrived at 
independently by the author, though later it was found that a 
similar arrangement of mutual inductances had been previously 
proposed bv Messrs. Sharpe and Crawford, in a paper presented 
at the Annual Convention of this Institute on July Ist, 1910, 
under the subject “ Some Recent Developments in Exact Alter- 
nating-current Measurements." 

The reasons that led me to prefer the use of mutual inductances 
to that of non-inductive resistances were: 

(a) The possibility of calculating the mutual inductance from 
the phvsical dimensions and thereby having absolute values. 

: (b) The ease with which a high degree of sensitiveness may be 
obtained. 

(c) The great flexibility of the method. ` 

(d) The numerous uses to which mutual inductances of the 
range and character necessary could be put. 

In the above mentioned paper, Messrs. Sharpe and Crawford 
commenting on the use of mutual inductances, sav: 

“ The advantages of this method over the method using re- 
sistances are, 

(a) The energy expended in the apparatus may be made 
exceedingly small. 

(b) By properly proportioning the numbers of primary and 
secondary turns on the mutual inductances it is possible to obtain 
electromotive forces in the galvanometer circuit which are much 
greater than the drops in the primary coils, hence greater 
sensitiveness can be obtained without the introduction of an 
undue impedance in the secondary of the transformer under 
test. 

(c) It is not necessary to connect the primary and secondary 
circuits together, and leakage effects are therefore reduced. 

The disadvantages of the proposed method are 

(a) Mutual inductances are not so easily calibrated as resist- 
ances. 

(b) It is difficult to construct accurate mutual inductances for 
large currents, although probably not more so than in the case 
of resistances. 

(c) Stray fields effects will influence the ratio directly, requir- 
ing astatic construction of the mutual inductances and great 
pains with the location of the leads carrying heavy currents. ' 
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Messrs. Sharpe and Crawford, however, made no suggestions 
as to the means to be employed to overcome the disadvantages 
mentioned. It is hoped, therefore, that the following statement 
of the means used to overcome these difficulties in a testing out- 
fit which has been in constant use for several years will be of 
interest not only to those directly concerned with the design, 
calibration and use of current transformers, but also to the physi- 
cist, as exemplifying how methods generally considered as per- 
taining only to physicalelaboratories may be adapted for use on 
commercial testing floors without any particular consideration 
being given to favorably locating the apparatus. 


DESIGN AND CONSTRUCTION OF THE MUTUAL INDUCTANCES 


The fact that the apparatus was to be used on a commercial 
testing floor made it doubly necessary to insure that no external 
current could affect its accuracy; it was therefore necessary to 
have mutual inductances as nearly as possible perfectly astatic. 
It is well-known that a uniformly wound ring of uniform cross- 
section has no external magnetic force; it follows therefore that 
its mutual inductance with any circuit which does not encircle 
it must be zero. On the other hand for a loop encircling the 
solenoid, the mutual inductance is constant and independent 
of the size and position of the loop, provided that the secondary 
winding is very fine and closely wound. This form of coil is 
therefore admirably adapted for the secondary of a mutual 
inductance in which variations in value may be obtained by 
changing the number of primary turns encircling the secondary 
coil. 

Considering the disadvantages enumerated in the paper by 
Sharpe and Crawford, (b) and (c) immediately disappear if 
this form of construction be used with fine enough wire in the 
secondary ; for, on account of the astatic featuresofthe ring shaped 
solenoid, the induced e.m.f. will depend only on the product of 
the primary current and the number of convolutions of the 
primary winding and not on the space distribution of the en- 
circling currents. It is therefore as easy with this form of coil 
to construct accurate mutual inductances for large currents as for 
small. If the mechanical accuracy of the coil is sufficient to give 
nearly perfect astaticism, then it should be possible to calculate 
the mutual inductance accurately enough to make calibration 
unnecessary. It 15, however, not a difficult matter to accurately 
measure the ratio of two mutual inductances and this is all that 
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is necessary for the calibration of current transformers, provided 
that the mutual inductances are known with a fair degree of 
accuracy. The disadvantage marked (a), is therefore disposed 
of satisfactorily by this form of mutual inductance. | 

The circle was chosen for the form of cross-section of the sole- 
noid rather than the rectangle, for the reason that while the latter 
would have made an easier form to machine the secondary would 
have been much more difficult to wind in such a manner as to 
insure perfect adherence of all the loops to the flat sides of the 
rectangle. А ring of circular cross-section 15 considerably more 
difficult to machine accurately, but the secondary coil can be 
wound on it with greater ease and accuracy. 

It was necessary to decide on some suitable material from 
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Fic. 1— DIAGRAM OF MUTUAL INDUCTANCE METHOD OF CALIBRATING 
CURRENT TTANSFORMERS 


which to make the rings. On the basis of tests made by the 
Bureau of Standards, marble appeared to be the most suitable , 
material; it was therefore decided to have rings made of this 
material and carefully machined to required dimensions. The 
roughing was done with steel tools, but the finishing cuts were 
made with a diamond. The variations in external diameters and 
diameters of cross-section measured at different points were less 
than 0.001 in. 1n the finished rings. 

Two principal mutual inductances М, and М» are required 
for the method of test under discussion, a simple diagram of 
which is shown in Fig. 1. The other two mutual inductances, 
М; and Мо”, give the fine graduations and do not require to be so 
accurate. М, was designed to give a secondary e.m.f. of approxi- 
mately four volts with a current of five amperes at a frequency ot 
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Fic. 2—CoMPLETED SECONDARY WINDING 


l'FORTESCUE] 
Fic. 3— M. COMPLETE WITH PRIMARY WINDING First USED 


[FORTESCUE |] 
Fic. 4— Mı COMPLETE SHOWING 225.5 AMPERE WINDING 
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tained 414 turns. The dimensions of this ring obtained in the 
same manner as for AM» were 


Meanradtus..... ..... инч 4.021nches 
Radius of cross-section........... 1.338 “ 


The primary winding of М, was initially made up of 10 
equally spaced coils of 20 turns each, one of which had loops at 
the end of each turn, but later on this was changed to a winding 
of 10 closed solenoids encircling the ring of 20 turns each with 
start and finish leads symmetrically spaced around the регі- 
meter of the ring. This change was made after finding that 
slight regularities in the winding of the secondary produced 
differences in the mutual inductance with different coils of the 
order of 0.2 or 0.3 per cent, and also because it was desired to 
reduce the self-induction of the primary winding when only a 
small portion of it was in use. 

The primary winding of M, Юг the range of from 5000 am- 
peres to 225 amperes was later added and consisted of 12 single- 
turn loops symmetrically disposed and arranged for symmetrical 
grouping. | 

The values of mutual inductances were calculated by the 
formula 


М = 4T nins (а — Va? — 2 + 2k Va? — c? 


where a 1s the mean radius, c is the distance betwecn the center 
of cross section of the ring and the center of the wire, and k is a 
function of a, b and c, where b is the radius of the conductor. 
The value of k is 


1.3.5 1 UM DN ТТЫ” A 
+ 3746.8 | (65? анта атан мы 
рс 
where T= pe 
2 
end. 
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The above series for b is rapidly convergent tor rings of the 
proportions given above and the correction is usually extremely 
small and тау generally be ignored. The formula was deduced 
on the assumption that the current would be uniformly distrib- 
uted over the section of the secondary conductor. This as- 
sumption of course is not absolutely correct and there will be a 
slight variation in the mutual inductance, both with frequency 
and also with changes in the radial distance of the primary coil 
from the secondary winding, due to changes in the distribution of 
current over the surface of the secondary conductor. Within the 
range of commercial frequencies the error due to frequency 
in these mutual inductances was so small as not to be discern- 
ible, and that due to differences in radial distance between the 
primary and secondary windings is probably of the same order 
of magnitude. 

The calculated values of М, and М» with the maximum 
number of primary convolutions are 


M, = 0.8265 millihenrys. 
М; = 3.0222 “ . 


The value of М, was measured by comparison with a mutual 
inductance which had recently been calibrated by the Bureau of 
Standards and found to be 0.8216 millihenrys, and the same 
value was obtained by comparing with М», using the above 
calculated values for М». No reason has been found for this 
large discrepancy from the calculated value, but it has been 
attributed to a fault 1n the winding of the secondary solenoid 
of which there was some evidence, whereas in the case of M, 
we were confident the secondary winding had been done correctly. 


GENERAL ASSEMBLY AND ARRANGEMENT OF APPARATUS 


The apparatus was assembled so as to secure the utmost 
flexibility and compactness. The complete apparatus, including 
panels, dials, and mutual inductances, can be moved as a unit 
after being disconnected from the testing table. The secondaries 
of any of the mutual inductances may be reversed and by means of 
switches the terminals of the measuring device, which in this 
apparatus at present consists of a direct current galvanometer 
and a synchronous contactor, may be shunted across the 
secondary of М» or across the non-inductive resistance К in the 
secondary circuit of the transformer under test. 

Panels for M, and M/ which have a common secondary 
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winding, (M,’, having a primary range 225 amperes to 5 amperes 
and M, having a primary of range 5000 amperes to 225 amperes,) 
are arranged so that the 12 coils can be connected all in series or 
groups of one, two, three, four and six coils in series can be 
connected in parallel between two busbars. Great care was 
taken in the case of the 5000-ampere winding to arrange the 
busbars and connections so as to make the stray field a mini- 
mum. A test made with 5000 amperes in the primary of M, 
showed no appreciable effect on the secondary winding of M2. 
The primary winding of M-s is connected to two dials num- 
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Fic. 5—WIRING DIAGRAM OF APPARATUS 


bered 1 and 2, so that it may be cut into the electric circuit by 
steps of one-half per cent of its total value. MM,’ is arranged 
somewhat differently from this, having a secondary consisting of 
10 complete closed solenoids which are arranged to be cut in or 
out of the secondary circuit of the mutual inductances by steps 
which are approximately equal in value to 0.0005 of Мо; 
M,”- has its primary arranged so as to be cut in and out in 10: 
equal steps approximately equal to 0.00005 of М. The non- 
inductive resistance R is of manganin and has a sliding contact 
which carries only the galvanometer current. 

In addition to being laid out for measuring ratio and phase 
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Fic. 6—GENERAL VIEW OF APPARATUS SHOWING ARRANGEMENT OF 
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Fic. 7—GENERAL VIEW OF APPARATUS IN USE 
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displacement of current transformers the apparatus is arranged 
for measuring mutual inductance, either by direct measurement 
or with the aid of an adjustable resistance bridge (Figs. 10 and 
13), and for measuring self-inductance and alternating current 
resistance (Fig. 13). Figures 5, 6, 7, 8 and 9 give a good gen- 
eral idea of the arrangement of the different elements in the ap- 
paratus. 


CALIBRATION OF MuTUAL INDUCTANCES 


Owing to the fact that M, showed a discrepancy from the 
calculated value it was considered advisable to measure the 
ratio M./M, for all conditions. The method shown in Fig. 10 
was used. The rectifier is set at angular positions to give maxi- 
mum sensitiveness for ohmic and reactive drop respectively. 
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Mutual Inductance M, 


Fic. 10—DIAGRAM OF CONNECTIONS FOR CALIBRATING MUTUAL 
INDUCTANCES | 


The resistances and reactances of the two sides of the secondary 
circuit of the mutual inductances are then adjusted by means of 
the adjustable resistance Rj, and the adjustable mutual in- 
ductance L. Switch S is then opened and the resistance arms 
R, and К. of the bridge are balanced and if these have mutual 
inductance a further adjustment ot L will be necessary, in order 
that the galvanometer shall show zero at all positions of the 
rectifier. This procedure may be repeated until a satisfactory 
balance is obtained both with the switch closed and open, then 
the following relation holds 


M, R? 


М, `R. 


It is not necessary for КЁ» and К, to be perfectly non-inductive 
but they must show no change of resistance due to differences in 
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frequency, that 1s, their direct current resistance must be the 
same as their alternating current resistance at commercial fre- 
quencies. The resistance bridge used was a five decade bridge, 
a careful check was made on the accuracy of the bridge by making 
direct and reciprocal measurements; all measurements checked 
very closely, the maximum variation from the average of these 
readings being 0.0002 of the total value. The measurement cir- 
cuit was arranged so as to avoid as much as possible mutual in- 
ductance, but measurements were taken with the secondaries of 


TABLE I—MUTUAL INDUCTANCE М: IN MILLIHENRIES 
DIALS NO land No. 2 


e Dial No. 1. Points 0 to 9 
0 1 2 3 4 5 6 7 8 9 

0 |0.000010.30240. 6045|0.9071|1.2092|1.5117| 1.8140 | 2.1161 | 2.4181 | 2.7205 

1 |0.0154/0.3178/0.6202/0.9224]1.2249,1.5271| 1.8294 | 2.1315 | 2.4335 | 2.7359 

2 |0.0305/0 . 332910 . 635310 .9376}1.2400)1.5422] 1.8442 | 2.1466 | 2.4486 | 2.7510 

З |0.0452|0.3479|0.6503:0.952611.2550|1.5572| 1.8595 | 2.1616 | 2.4636 | 2.7660 

= 4 |0.0607|0 .363110.665510 .967811.270211.5724| 1.8747 | 2.1768 | 2.4788 | 2. 7812 
o 5 |0.0759|0.3783/0.6807/0.9830/1.285411.5876| 1.8899 | 2.1920 | 2.4940 | 2 7964 
M 6 0. 09110. 39350 .695910 9982|1.3006|1.60258| 1.9051 | 2.2072 | 2.5092 | 2.8116 
% 7 |0.106210.4086|0.7110/11.0133|1.3157(1.6179| 1.9202 | 2 2223 | 2.5243 | 2.8267 
= 8 |0.121310.423710.726111.028411.330811.6330| 1.9353 | 2.2374 | 2.5394 | 2.8418 
2 9 [0.136310 4387/0. 7411/1 .0434]1.2458)}1.6480] 1.9503 | 2.2524 | 2.5544 | 2. 8508 
10 |0. 15130. 453710.75611.058411.3608]1.6630] 1.9653 | 2.2674 | 2.5694 | 2.8718 

N | 11 |0.1666|0.469010.7714|1.0737|1.3761|1.6783| 1.9806 | 2.2827 | 2.5847 | 2.8871 
S | 12 10.1816/0.4840|0.7864|1.0837]|1.3911|1.6933| 1.9956 | 2.2977 | 2.5997 | 2.9021 
т 13 |0.1967/0.4991,0.8015|1.1038/1.4062|1.7084| 2.0107 | 2.3128 | 2.6148 | 2.9172 
S | 14 |0.21171|0.514110.816211.1188|1.4212|1.7934| 2.0257 | 2.3278 | 2.6298 | 2.9322 
а 15 |0.2268/0.5292/0.8316/1.133911.4363|1.7385| 2.0408 | 2.3429 | 2.6449 | 2.9473 
16 |0.2419|0.5443|0.8467|1.1490|1.45МЦ|1.7536| 2.0559 | 2.3580 | 2.6600 | 2.9624 

17 |0.2568!0.55921|0.8616|1.1639|1,4663|1.7685| 2.0708 | 2.3729 | 2.6749 | 2.9773 

18 |0.271810.5742|0.8766|1.1789|1.4813|1.7832| 2.0858 | 2.3879 | 2.6899 | 2.9923 

19 |0.286810.589210.891611.1939|1.49631|1.79851 2.1008 | 2.4029 | 2.7049 | 3.0073 

20 |0.3017/0.6041/0.9065/1.2088/1.5112/[1.8134| 2.1157 | 2.4178 | 2.7198 | 3.0222 


both mutual inductances reversed with respect to the rest of the 
circuit and differences were found which amounted to less than 
0.0003 of the total value which were found to be due to the self- 
inductance L, which was not astatic,so the arithmetic mean of the 
two readings was taken for the true ratio Maj Mj. 

It was found that in the case of Мі, it was only necessary 
to have the ratios for the series arrangement of the primary coils, 
the values for the other groupings being equal to that for the 
series arrangement multiplied by the ratio of the number of 


1915] FORTESCUE: TRANSFORMER CALIBRATION 1209 


coils in serics in the group to the total number. Tests were 
nevertheless made for the complete range of groupings, both on 
the 5000-ampere winding, as well as on the 225-ampere winding, 
the sensitiveness being increased with the larger ratios by using 
larger primary currents. 

Tabulated values of М. derived from these tests are given in 
table I., and the ratios, М2/ Мі, are given іп table ІР. It will 
be noted how close these values are to the calculated values for a 
perfectly astatic mutual inductance. 


TABLE II—RATIO, M. + Mi. FOR SMALL PANEL AND DIALS 
NO. 1 AND NO. 2. 


Dial No. 1. Points 0 to 9. 


0 1 2 3 4 5 6 7 8 9 

о |0 00000 3680|0.7361|1.1039|1.4721 1.8396! 2.2078 | 2.5752 | 2.9431 | 3 3108 

1 |0.0188/0.3868]0.7549]1.1227|1 490911. 8584! 2 2266 | 2.5940 | 2.9619 | 3.3296 

2 10.0371/0.4051|0.7732|1.1410]1.5092|1.8767. 2.2449 | 2.6123 | 2.9802 | 3.3479 

3 10.0554/0.4234/0.7915|1.1593|1.5275|1.8950| 2 2632 | 2.6306 | 2.9985 | 3.3662 

о | 4 0.0739/0.4419/0.8100]1.1778/1.5460|1.9135| 2.2817 | 2.6491 | 3.0170 | 3.3847 
с | 5 |0.09240.4504|0.8285|1.1963|1.5645/1.9320| 2.3002 | 2.6676 | 3.0355 | 3.4032 
5 | 6 0.1109/0.4789]0.84370|1.2148|1.3830|1 9505| 2.3187 | 2.6861 | 3.0540 | 3.4217 
ч | 7 |0.1293/0.4973|0.8654|1.2332|1.601411.9689| 2.3371 | 2.7045 | 3.0724 | 3.4401 
€ | 8 (0.1476 0.5156'0.883711.2515/1.6197|1.9872| 2.3554 | 2. 7228 | 3.0907 | 3.4584 
& | 9 0.1659/0.5339]0.9020|1 2698!1.6380/2.0055| 2.3737 | 2.7411 | 3.1090 | 3.4767 
‚| 1€ |[0.1842|0.5522|0 .9203]|1.2881]1.6363|2.0238| 2.3920 | 2.7594 | 3.1273 | 3.4950 
~ | 11 |0.2028/0.5708|0 93591.3067 1.67492 0424| 2.4106 | 2.7780 | 3.1459 | 3.5136 
5 | 12 0.22100 5890 0.9571|1.3249]1.6931|2.0606| 2.4288 | 2.7962 | 3.1641 | 3.5318 
^ | 13 10.2394/0.6074]0.9735/1.3433/1.7115/2.0790| 2.4472 | 2 8146 | 3. 1825 | 3.5502 
E 14 0.25770 6257 |С .9938 1.361611 .7298|2.0973| 2.4655 | 2.8329 | 3.2008 | 3. 5685 
Q | 15 0.27600. 6440/1 0121 1.379911 7481|2.1156| 2.4838 | 2.8512 | 3.2191 | 3. 5868 
16 0. 2944/0 . 6624/1 .0305/]1 .3983]1 .7665/2 .1340] 2.5022 | 2.8696 | 3.2375 | 3.6052 

17 |0.3126|0.6806!1.0487]1.4165]1. 7847/2. 1522] 2.5204 | 2 8878 | 3.2567 |3 6234 

18 10.3308'0.6988]1 0669/1. 4347/1. 802912. 1704] 2.5386 | 2.9060 | 3.2739 | 3.64106 

19 10.349110. 7171/1 0852|1.4530|1.8212|2. 1887| 2.5569 | 2.9243 | 3.2922 | 3.6599 

20 |0.3672/0.7352|1.1033|1.4713|1.8393|2.2071| 2.5750 | 2.9424 | 3.3103 | 3.6780 


—— -------- ———— ee — M —K- Ny - 


USE OF THE APPARATUS FOR MEASURING RATIO AND PHASE 
DISPLACEMENT OF CURRENT TRANSFORMERS 


Table III shows the approximate рапс] arrangement and dial 
setting for transformers of standard ratio. The apparatus is 
set according to the value shown for the transformer under test 
and the load is adjusted from a table of resistance and reactance 
of the apparatus with the help of additional adjustable resistance 
and reactance which is provided for loading purposes. The 
angular position of the rectifier contacts which renders the galvan- 
ometer most sensitive to reactance e.m.f. is obtained by adjusting 
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until the galvanometer reads zero with its leads shunted across 
the non-inductive resistance Кі; in like manner the position for 
maximum sensibility for ohmic drop is obtained, by a similar 
adjustment when the leads are shunted across the secondary of 
Мз. The value of М» and R are then adjusted until the galvano- 
meter reads zero, with both the above angular settings of the 


TABLE III—APPROXIMATE PANEL AND DIAL SETTINGS FOR GIVEN 
RATIOS OF TRANSFORMATION. 


Reactance Reactance 
Ratio of Coils in Dial setting of circuit of circuit 
transformation multiple for 100% ratio in at 25 ~ at 60 ~ 
order of number ў 

5 to 5 1 2-14-3-5 0.01 0.033 

10 “ 5 1 5-8-7-1 0.04 0.094 
15 “5 1 8-3-0-8 0.088 0.210 
20 * 5 2 5-8-7-1 0.04 0.095 
25 “5 2 6-15-9-0 0.062 0.150 
30 “5 2 8-3-0-8 0.087 0.210 
40 “5 3 7-4-9-7 0.07 0.170 
50 “ 5 3 9-1-2-0 0.108 0.262 
60 “5 4 8-3-0-8 0.088 0.212 
75 * 5 6 6-15-9-0 0.062 0.150 
80 “5 6 7-4-9-7 0.07 0.170 
100 * § 6 9-1-2-0 0.108 0.262 
120 “ 5 12 5-8-7-1 0.04 0.095 
160 “5 12 1-9-7 0.07 0.170 
200 * 5 12 9-1-2-0 0.108 0.262 
250 * 5 1 6-3-6-2 0.05 0.122 
300 “ 5 1 7-8-3-4 0.073 0.178 
400 * 5 1 9-17-8-4 0.13 0.312 
500 “ 5 2 6-3-6-2 0.05 0.122 
600 “ 5 2 7-8-3-4 0.073 0.178 
800 “ 5 2 9-17-8-4 0.13 0.312 
1000 “ 5 3 8-4-8-6 0.09 0.218 
1200 * 5 3 9-17-8-4 0.13 0.312 
1600 * 5 4 9-17-8-4 0. 13 0.312 
2000 * 5 6 8-4-8-6 | 0.09 0.218 
2400 “ 5 6 9-17-8-4 0.13 0.312 
3000 * 5 12 6-3-6-2 0.05 0.122 
4000 “ 5 12 8-4-8-§ 0.09 0.218 


synchronous contactor with apparatus and transformer arranged 
as shown in (Fig. 1). Under these circumstances according to 
the elementary theory of this arrangement we shall have 


Із = Mi sec 6 
li М. 
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Where, @ is the phase angle and is given by 


Е И 
2T + М, 

The above theory assumes transformation to take place without 

distortion, which is very nearly true in current transformers 

under light load, but when the load is heavy there may be ap- 

preciable distortion. Assuming 


19 = a, cos pl 
and 


41 = Á cos pt + Азсоѕ 3р + А,сов5 -Е........ 
+ В, cos pt + B3cos3 pt + B; cos 5 pt 


The conditions fulfilled by the balance are 


А) + Аз + А, = 


М» 
М, 


В, + В: + В, = 
or 


4 М, РМ 


It is evident from the above that where there 1s considerable dis- 
tortion the ratio as given by the apparatus will not be the true 
ratio of the root-mean-square values. 

The reason that the synchronous contactor or rectifier and the 
direct-current galvanometer where chosen for this work was оп 1::- 
count of the ability to withstand abuse and at the same time the 
sensitiveness of the galvanometer and its freedom from vibration 
and from the influence of alternating stray fields. The rectifier 
has been the principal source of trouble in this outfit, due to the 
breakage of springs andcontacts. This trouble, however, occurs 
only at the highest frequencies, namely 50 to 60 cycles, and no 
trouble is experienced when operating at 25 cycles. 

If it were not influenced by stray fields and vibration, I believe 
a sensitive dynamometer, having one coil excited from a syn- 
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chronously driven sine-wave generator provided with means for 
changing the phase angle of the armature, would be preferable to 
the rectifier and direct-current galvanometer for use with this 
outfit. If it were possible to produce a pivoted instrument of 
this type sufficiently sensitive for this work a further advantage 
would be obtained. 

The vibration galvanometer has been recommended for this 
class of work, but though I have had no actual experience with 
it, it does not appeal to me very strongly on account of the diff- 
culty of using it and its sharp frequency resonance. There is 
no way of rendering it sensitive to a change of M only, or toa 
change of Ronly. However, the latter difficulty might be over- 
come by viewing it through a synchronous stroboscope, which is 
provided with angular adjustment. m 

The Einthoven string galvanometer used in a similar manner 
has been suggested and is about to be tried with this apparatus. 
It has a much flatter resonance curve and can be used with al- 
most equal sensibility within a five per cent range of frequency. 
The nodal vibrations of the string have given some trouble when 
the instrument has been used in certain kinds of null method 
testing and it is feared that similar troubles may be experienced 
when used with this apparatus. 

All the last mentioned schemes of balancing ignore the dis- 
torting harmonics or give the ratio of fundamental primary and 
secondary components, and their phase displacement. This is 
the measurement required where the current transformer is to 
be used on a sine wave circuit in connection with the wattmeter. 


PROPOSED ARTIFICIAL METHOD OF LOADING TRANSFORMERS 
UNDER TEST 


It is often desirable to obtain calibration curves on current 
transformers at extremely low loads and often at no-load or short 
circuit. The primaries of М», Му” апа М", were designed 
so as to have very low values of resistance and reactance; the 
actual resistance of the secondary circuit including the 0.01 ohm 
non-inductive resistance and all the primaries of Me, M;', 
and М.’ in series, is slightly less than 0.1 ohm., and the react- 
ance is 0.32 ohm at 60 cycles, and 0.13 ohm at 25 cycles. It is 
possible therefore even with the dial settings which give maximum 
sensibility to obtain calibrations with this apparatus at very 
low loads, but there is a decided drawback due to the fact that 
the power factor of the load cannot be made exactly unity or 
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exactly zero. To obviate this difficulty I propose to use two 
similar transformers in series, the apparatus being arranged so 
that the total primary current of one transformer alone passes 
‘through the primary of Му; across the primary of this trans- 
former and of М; inductances or resistances are shunted as shown 
in Fig. 11 until the desired load is obtained on the transformer 
under test. If the phase angle of the load on this transformer 
only is to be shifted, then reactance may be shunted across both 
the primary of this transformer and of М, in series, and resist- 
ance may be shunted across the primary of the other transformer 
or vice versa; according as it is desired to produce a leading or a 
lagging power factor. There are a number of ways of varying 
this method of loading transformer under test, some of which are 
being tried out with this apparatus. For measuring the value 
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Fic. 11—DriAGRAM OF CONNECTIONS FOR ARTIFICIALLY LOADING A 
CURRENT TRANSFORMER ON TEST 


of the artificial load taken by the secondary of the transformer 
under test, a modification of the scheme described in the next 
paragraph (Fig. 13) will be used. 


METHOD OF MEASURING MUTUAL INDUCTANCE, SELF INDUCT- 
ANCE AND ALTERNATING CURRENT RESISTANCE 


For the measurement of mutual inductance, the secondary of 
M, is cut out of the galvanometer circuit by opening a switch 
and placing a jumper across its jaws. The power lines are con- 
nected to the terminals to which the secondaries of current 
transformers for calibration are connected, and the primary of 
the mutual inductance to be measured is connected across the 
terminals marked “load.” А diagram of this arrangement for 
testing mutual inductanc es is shown in Fig. 12. The synchronous 
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contactor and galvanometer аге set to give maximum sensibility 
for reactance and are connected so as to indicate the difference 
between М» and the mutual inductance to be measured, М. is 
then adjusted until the galvanometer reads zero. If the mutual, 
inductance is larger than М», an additional standard mutual 
inductance may be connected in series with М». 

To measure self inductance and alternating current resistance 
the arrangement shown in Fig. 12 is used. This differs princi- 
pally from the method of measuring mutual inductances by hav- 
ing the non-inductive resistance R supplied with current from 
the primary circuit through a unity ratio current transformer in 
series with the galvanometer circuit so that an e.m.f. in phase 
with and proportional to the primary current may be intro- 
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Fic. 12—DI1AGRAM OF CONNECTIONS FOR DIRECT MEASUREMENT OF 


MUTUAL INDUCTANCE 


duced. The self-inductance to be measured is placed across 
the terminals marked “load,” and potential leads ате 
carried from the terminals of the self-inductance to the 
terminals on the apparatus marked “potential,” and a 
balance is obtained by adjusting М. and R, with the 
rectifier in the angular positions to give maximum sensibility for 
each of these conditions until zero readings are obtained in 
each case. The readings of М», and М2’ and M”, give the 
self-inductance and the value of R the resistance. This method 
is in general use for measuring the alternating current resistance 
of current-limiting reactance and some very interesting observa- 
tions have been made with its help. The method is so sensitive 
that the effect of the proximity to a large reactor of a man with 
keys in his pocket can be detected. It was found that when 
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measuring large reactors the presence of any other reactors in 
the neighborhood, having multiple wound coils, had a large 
effect on the apparent alternating-current resistance, due to 
the circulating currents set up in them through mutual induc- 
tance. 
CONCLUSION 

The apparatus has proved to be very satisfactory. Little 
trouble was experienced with the design and manufacture of the 
mutual inductances. It is believed that the design, manufac- 
ture, and calibration of reliable non-inductive resistances for 
the same range of current values for the first time would have 
been a much more troublesome task. 
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ALTERNATING CURRENT RESISTANCE 
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A higher degree of sensibility may be obtained with this method 
than with the shunt resistance method and it 1s believed to be 
in many respects more accurate. There is no correction to be 
made in the phase angle measurements, whereas in the case 
of shunts corrections may have to be made due to the reactance 
of the non-inductive resistances. Itis believed that the accuracy 
is well within one part in 10,000 for any setting. 

The apparatus has many other possible applications besides 
those already mentioned and has fully justified its cost. 

I wish to take this opportunity to thank Dr. Sharpe for advice 
given in connection with the design of the synchronous 
contactor. 
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THE INDUCTION WATT-HOUR METER 


BY V. L. HOLLISTER 


ABSTRACT OF PAPER à 


The paper discusses the principles and theory of operation 
of the induction watt-hour meter. The problem of the meter 
broadly stated is to construct an electric motor the speed 
of the rotating member of which shall be directly propor- 
tional to the electric energy supplied to its windings, such 
proportionality to be maintained for all conditions of opera- 
tion. The method of compensation is discussed and also the 
effect of change in frequency and wave shape. The rotating 
ficld principle on which some foreign instruments are based is 
treated mathematically and the construction of the shifting 
field meter is also described. 


HE OBJECT of this paper is to discuss the theory of 
operation of the induction watt-hour meter, and to give 

an exposition of the working principle. No attempt will be 
made to compare commercial meters. The study has been 
undertaken for the purpose of a recent research which had 
for its object an attempt to discover the degree of compensa- 
tion of the commercial instrument and its approach to the ideal 
performance. The general problem of the watt-hour meter 
may be stated as follows; to construct an electric motor such 
that the speed of the rotating member shall be directly propor- 
tional to the electrical energy supplied through its windings, 
such proportionality to be maintained for all conditions of 
operation, involving change of wave shape, change of power 
factor, and throughout the life of the apparatus. The induc- 
tion meter consists of a light rotating member which moves 
in front of two systems of alternating magnets. The essential 
feature is that one system of magnets must, by the rate of 
change of flux set up, induce within the rotating member current, 
which current must flow in a path in front of the second system 
of magnets and through the flux set up therefrom. The prin- 
ciple, therefore, reduces to the action of the direct current motor, 
1.6. a current bearing conductor placed within a magnetic field. 
The rotating member is usually an aluminum disk or cylinder. 


Manuscript of this paper was received February 25, 1915. 
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One system of alternating magnets is excited by being con- 
nected across or between the wires of a circuit and hence re- 
ceives a current depending directly upon the potential im- 
pressed and inversely upon the impedance of the windings 
of these magnets. The other svstem of alternating magnets is 
wound to a very low impedance and placed.in series with the 
circuit to which it is connected, such that the current through 
the windings depends upon the current drawn in such circuit. 

It is true that the principle of the shaded-pole motor has been 
applied to this class of instruments but with one exception such 
instruments have not proved satisfactory. The creeping-field 
shaded-pole meter is an extension of the latter principle, highly 


Fic. 1—INpUcTION WATTMETER 


interesting but not in commercial use in this country so far 
as the writer is aware. There were several induction type ` 
amperc-hour meters placed upon the market during the early 
days of the electrical development but as they are not used to 
anv great extent the principle will not be considered. 


THEORY 
The flux set up by the potential magnet coil threads through 
the disk or rotating member and induces therein eddy currents. 
The eddy current path and its relation to the generating flux, 
potential magnet pole, and series or current magnet poles is 
shown in Fig. 2. by the line гт. The eddy currents set up 
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within the disk by the inducing flux from the series magnets 
is indicated in relative position and path by the double circles 
mmm, and m'm'm'. The eddy currents mmm, and m'm'm' 
react with the flux from the potential coil to produce a turn- 
ing torque; while the current ит reacts with the flux from 
the series coils to produce an additional turning torque. Іп 
the discussion following, that reaction only is considered, which 
is produced by the currents mmm, and m'm'm' and the flux 
from the potential coil. It is thought that this latter reaction 
may be used to explain all of the phenomena involved and undue 
complications may be eliminated. However, it is true and 
| must be borne in mind that 
the flux from the potential 
coil by its rate of change in- 
duces an eddy current within 
the disk which, pursuing its 
path of circular form in front 
of the poles of the series mag- 
nets gives rise to a torque 
additive to the above. As 
these two eddy currents— 
that due to the series flux 
and that due to the potential 
flux—are in time phase quad- 
rature, the torque of the 
meter is very nearly uniform. 
From the consideration of the 
Fic. 2—VIEW FROM ABOVE—SHOW- : 
алан pas eee one ae eddy current from the series 
coil and the flux from the 
potential coil, alone it would seem that the torque of the meter 
is a pulsating quantity varying at double frequency. From 
an analysis of both eddy currents and fluxes involved it is 
seen that the torque is due to two reactions in time phase 
quadrature hence, approximately uniform in value. 

Some authors prefer to look upon induction watt-hour meter 
as being similar to the polyphase induction motor. They 
point out that the magnetic field in the region of the point 
marked A, Fig. 2, is the resultant of two magnetic fields in 
time phase and space quadrature. It seems preferable in 
order to simplify the discussion of the general induction meter 
to disregard this rotating field phenomenon since it may be 
pointed out that there are meters on the commercial market 
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the action of which is due entirely to the shifting of a magnetic 
field and in which two quadrature magnetic fields are not 
present. Further, it might be pointed out that the direction 
of rotation of the disk is independent of its position with re- 
gard to the center of the rotating magnetic field. 


Notes ON REVOLVING FIELD PRINCIPLE 


The theory that an induction watt hour meter operates due 
to a revolving magnetic field rests upon the observation that 
there is in such a meter two magnetic fields set up which, in 
space, are at right angles and, in time phase relations, in quad- 
rature. It is well known that these are some of the essential 
relations existing in the revolving magnetic field induction 
motor. A careful investigation of the construction of any, 
and I might say, all induction watt-hour meters reveals that 
such main revolving magnetic fields as are set up have their 
centers of rotation within the disk and revolve in a plane per- 
pendicular to the moving element. Supposing that the 
principal driving force acts as if the revolving magnetic field 
were a traction roller or disk, we can readily see that, provided 
the moving element of the meter were off center with regard 
to the driving disk, the meter moving element would be caused 
to revolve. We can see no reason why the moving element 
would receive any driving impulse when it 1s passing through 
the center of the revolving magnetic field. Mechanically ad- 
justing the moving element of the meter so that it passes either 
above or below the center of the axis of the revolving magnetic 
field would cause the meter disk to revolve either to right or 
left, or to reverse its direction of rotation when its position is 
changed and to stand still when coincident with the axis. Since 
from actual experiment with this action in mind that meter 
does not reverse its direction of rotation, neither does it have 
zero torque at any position, we become convinced that this is 
not the principle of operation. 

We are next interested in the production of revolving mag- 
netic fields in the plane of the moving element of the disk by 
the intersection of the components of the main fields. These 
new revolving magnetic fields are present since one of the 
component ficld in its return path through air takes a direc- 
tion at right angles to its original path at the point of emana- 
tion from the inducing pole. These subsidiary revolving fields, 
there may be a large number of small whirls, are seen to act 
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upon the moving disk at different radii, also in different direc- 
tions, and the advocates of this theory, state that the turning 
torque is the difference between the positive and negative 
torques operating at different distances from the center of rota- 
tion. To investigate this theory we attempt to find out if 
there still remains positive 

, torque if the radius of the 
'* meter disk is made very 
great—approaching infinity; 
further, if the meter reverses 
its direction of movement 
when the center of rotation 
of the disk is changed from 
one side of the axis of the 
Fic. 3—SHOWING DIRECTION or Ro- Inapneuc nee He eter: 

TATION OF DISK WHEN PIVOTED ON (see Fig. 3.) Experiment fails 
EITHER біре oF Drivinc ELements #0 substantiate either of these 
suppositions. In fact, the disk 

of the meter moves in the same direction through the magnetic 
field whether the center of rotation is to right or left. Further, 
the drum type of meter shown in Fig. 4 does not reverse its 
direction of drum-movement through the field, if the curva- 


Fic. 4 


ture of the moving element is reversed. In Fig. A the direc- 
tion of the movement is the same for both disks, shown in 
solid and dotted lines. 

There is one very desirable element in the evidence to dis- 
qualify the '' revolving field theory” which to date has not been 
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obtained. The characteristic of the revolving field induction 
motor is its approach to a synchronous speed being dependent 
upon the frequency of the current supplied and poles of the 
motor. To date we have not been able to build a satisfactory 
induction meter that would anv where attain to a synchronous 
speed for a two pole motor. If the induction meter should 
show a definite synchronous speed of rotation, or linear speed 
of disk movement, corresponding to the synchronous speed 
of the revolving magnetic field present, we should have evidence 
upon which to establish the revolving field principle and theory. 

It may be remarked in passing, that if the revolving field 
principle were the true theory, the induction meter which has 
a drum-shaped revolving element would have a much weaker 
driving torque than the flat disk type of meter since the thick- 
ness of the disk in the former is small and, hence the difference 


a а — — 


P 
FiG. 5 


^. 


in radii of the acting whirls of magnetic fields would be very 
small. Since the meter of the drum tvpe shows no such un- 
favorable comparison with meters of the disk type, the con- 
tention is faulty. 

Vector Diagram. Let E in Fig. 5 represent the impressed 
electromotive force on a circuit to which the induction watt-hour 
meter is connected. Let I; represent the current in the po- 
tential coil. J, represents the current in the series coil. @, 
is the flux from the current coil. Фр is the flux from the po- 
tential coil. J, is the eddy current mmm and m'm'm' in the 
disk and 0 is the power factor angle ог the angle between Г, 
and E. i 

The flux due to the magnetomotive Íorce of the series coll 
must be in phase with such magnetomotive force and hence 
$. is in phase with J,. The flux @, must be very nearly 90 
deg. behind E in time phase position as the potential circuit 
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is highly inductive.. The angle of lag of the electromotive 
force induced in the disk by the rate of change of the flux $, 
must necessarily be 90 deg. behind the inducing flux, and, 
since the eddy current path is practically non-inductive, 1, 
is 90 deg. behind $, in time phase. 

From the considerations effecting torque it is found that the 
speed of the rotating member of the meter depends upon the 
product of the eddy current in the disk by the flux from the 
series coil multiplied bv the cosine of the angle between the 
same vectors. It is, therefore, clear that such torque will be 
a maximum when the angles alpha and theta are zero; that is, 
for the perfectly compensated meter and for those conditions 
of load which give unity power factor. It is similarly evident 
that in the meter for which alpha is a definite angle, say 15 
deg., the driving torque will be a maximum for those conditions 
of load which make the current leading bv 15 deg. Such a 
meter operating at a greater speed for a given current supply 
and electromotive force impressed at a leading current of 15 
deg. or power factor of 96 per cent, does not maintain its ac- 
curacy when the power factor is varied. 

It may be readily appreciated from an inspection of the dia- 
gram that any change in the condition of operation of the 
meter which changes the value or the phase position of the vec- 
tor I, with regard to E, changes the angle alpha. The object 
of the compensating coils in general is to reduce this angle. 
Hence the ideal meter should give a vector diagram similar to 
Fig. 5 where alpha has been reduced to a minimum,—shown 
dotted. Similarly, the ideal meter would be one in which little 
or no power were consumed, ог J, should have a phase angle 
of 90 deg. behind E. 

Torque. 'The torque of the induction watt-hour meter de- 
pends upon the force acting upon a current-bearing conductor 
placed within and at right angles to a magnetic field. 

Let ó = Ọm sin wt be the magnetic field set up by the series 
windings of the meter; and | 

i = I, sin (wt — В) be the eddy current caused to flow in 
the disk by the e.m.f. induced in the disk due to the value and 
rate of change of the flux from the potential coil: Then, by 
Faraday's law 

F = IIH 

T = torque o 1ф/. Where / is the active length of the 

conductor. 
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All units are chosen in the c.g.s. system. Therefore 


instantaneous F = I, sin (w — В) Ọm sin (wt) 1, or 
maximum Fm = I ф і сов [1ф m] 


Maximum torque will occur during that instant for which wt 
=] 

The greatest value of torque will be realized at unity power 
factor in the meter for those conditions which produce а = 
0. deg. а is called the natural angle of the meter and, since 
its value depends in modern meters upon the degree and method 
of compensation, that meter is perfectly compensated for 
which а = 0. deg. қ 

Frequency. А frequency higher than that for which the 
meter has been calibrated, for the same value of load current, 
increased the eddy current due to the flux from the current coils 
іп direct proportion. Тһе e.m.f. set up within the disk is 

_ dés. 


т where фу is the flux from the series turns. 


dos 
Or the eddy current I, = <= жан where r is the resistance 
of the same current path. 


The flux from the potential coil, if the latter is highly induc- 


I ; E Impressed c.m.f. 
tive, varies as — = Е Hence, for а constant 
f frequency 


applied pressure the flux from the pressure coil will vary in- 
versely proportional to the frequency which is precisely the 
condition for meter accuracy. 

Since Tol] sin (wt — В) dm sin (wt) Iis the torque equa- 
tion for normal frequency, at double frequency we have 


T, о 21 sin (2wt — В) Pa sin (201) 1 


The latter equation shows that the accuracy of the meter is 
maintained at the higher frequency 1f the natural angle remains 
unaltered. In general, since the latter relation does not hold, 
the meter must not only be compensated for the normal fre- 
quency but in all probability must have the compensating 
device adjusted anew for the higher-frequency operation. 

We have assumed in the above that the potential coil is high- 
ly mductive, that is, the counter e.m.f. developed due to self 
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induction is very nearly equal to the impressed e.m.f. If such 
is not the case, it is probable that the exciting current in the 
potential winding will not have the same value at all frequencies, 
due to the change in the permeability, hence the similar change 
in the value of the coefficient of self inductance L at different 
flux densities. | 

The value of the angle а depends upon the inductance of 
the eddy current circuit, as well as the angle between Е and 
Ọm, hence all induction watt-hour meters should have some pro- 
vision for changing the amount of the compensation for operat- 
ing the meters on high frequency. 

Effect of Temperature. An increase of temperature of the 
coils and working parts of an induction meter primarily in- 
creases the resistance of the conductors. Other effects such as 
increased friction, or a change in magnetic permeability are of 
no consequence or are negligible. 

An increase of resistance of the series coils cannot appreciably 
affect the series or load current nor the accuracv of the instru- 
ment. An increase of the resistance of the eddy current path 
reduces the eddv current and hence directly diminishes the 
driving torque. However, the resisting or braking torque, de- 
pending as it does upon the reaction between eddy currents 
set up within the disk and by reacting with the magnetic field 
of the permanent magnets, is diminished in proportion. Hence, 
the net effect upon the accuracy of the meter of the increase 
in resistance of the eddy current path is nil. The increased 
resistance of the potential coil due to an increase in tempera- 
ture reduces the current therein which, in turn, reduces the 
mangetomotive force and flux through and from such coll. 
The resultant reduction in torque decreases the accuracy of 
the meter immediately. To avoid this inaccuracy, there is 
open to the manufacturer the course of winding the potential 
coil with a wire having a zero temperature resistivity coefficient. 
From this standpoint the more highly inductive potential 
winding is preferable. 

Wave Shape. It has been observed that induction meters 
retain their accuracy on circuits of widely different wave form. 
That such should be the result is not apparent from a casual 
study but may be investigated mathematically as follows: 

It may be proved mathematically that if we have ап e.m.f. 
wave, complex in form, represented by the following equation 


e = Е sin wt + Еу sin 3 wi + E; sin 5wt...etc. (1) 
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which produces within a circuit a current 1— 


1 = Г sin (wt + ^i) + І; sin (3 wl + Аз) 
+ I; sin (5 wl + ^s). . .Ctc. (2) 


that the power represented is 


ei = Е, sin ой. I, sin (wt + Aj) 
+ Ез sin 3 ой. Is sin (8 wt + Аҙ). 
Es sin бой. Is sin (5 wt + As) (3) 


or, the power w at any instant. 
w = еі 633 + sly ...... etc. (4) 


Where е, ез and es аге the instantaneous values of the har- 
monic e.m.fs. indicated bv the subscripts; 11, 13 and % are the 
corresponding currents. The demonstration of this conclusion 
depends upon the fact that the integral of two sine functions of 
different commensurable periodicities is zero when the limits are 
taken for a complete period of the fundamental. 

If the e.m.f. represented by equation (1) is impressed upon the 
potential circuit of an induction meter, the flux due thereto may 
be found as follows: 


hence ó = K f Edt 
or 


$ =K f adi = К f (E,sinwt + Essin3 wt + Essin 5wt)dt (5) 


с ----. үф --------— 


dus К Г-ЕксовоМ Ез cos 3 о) Еу cos 5 d (6) 
о) 1 3 5 | 

The currents in the series coil will be as given in equation (2), 
and, hence, the flux from the series coil will be represented by 
some constant multiplied into equation (2) for constant reluct- 
ance of magnetic current. The instantaneous torque of the 
meter, being proportional to the power passing through the cir- 
cuit should be represented by 


t = K’ (е, 1, + езі + ещь.......... etc.) (7) 
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However, the torque has been shown to depend upon the 
product of the eddy current within the disk and the flux penetrat- 
ing the disk along the eddy current path. 

'The eddy current due to the potential coil flux is: 


"esto p n di 


| 1 d 1 
lip = — [K J E edt] = К.е. 8) 
p R, dt [ / | R. ( 
| 1 
ten р ‘К: [lei + es + es ....etc.] 
The flux from the series coil will be 
$, = к” [4 + 13 + 15 -— n etc. ] (9) 
Hence, the torque, instantaneous. 
Те 5 ККК {ж ee etc.] — (10) 


The torque due to the flux from the series coil and current set 
up by the potential flux is accurately proportional to the power. 
The flux set up by the potential coil ф, is given by equation 
(6). The eddy current sct up by the flux from the series coil is 


ion аф. 1 
** d R, 
; 1 d I | 
le-s = -p КІУ a [1 sin (w + Ai) + I біп (Bwt + Аз) 


+ Issin (5w + Àj) + ....etc.) 


If we assume for the sake of simplicity that А), Аҙ, As, etc. 
are each zero, then 


te = 2 КІУ [L sin ol + Isin 3 wi + 1; біп wt + etc.] 
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and | 
ф, = © [= En cos wt - Es cos 3 wt — Ë cos 5 wt + etc. | 
а) 3 5 
апа 
Ta š kir — Г- wl cos wt- Е, cos wt 


— 3 «ls cos 3 ш. 23. cos 3 wi 


_ А Е 
- 5 wl; cos5 wl. E cos wt 


= etc. | ] (11) | 


Which reasoning leads us to conclude that the torque is directly 
proportioned to the power transmitted through the winding of 
the meter at each instant bv currents and electromotive forces 
of pure sine waves or complex waves. 

Equation (11) shows that the torque produced by the eddy 
currents induced within the disk by the series coil fluxes reacting 
with the potential coil flux 1s in time quadrature with the torque 
previously considered. The negative sign is not to be interpreted 
as applving to the torque, but as simplv indicating the time 
sequence of the two torques, one expressed as a sine function the 
other a cosine function. 


SPECIAL METER DETAILS 


Rotating Field Meters. There are some forms of alternating- 
current instruments of foreign make which afford interesting 
examples of the application of the principle of the rotating field. 
With reference to the apparatus and arrangement shown in 
Fig. 6, which consists of a set of stampings provided with four 
projecting poles and a copper cvlinder carefully pivoted coaxially 
with them, the arrangement 1s essentially that of a quarter-phase 
induction motor. The two poles AA are wound with a few turns 
of heavy wire which is connected in series with the circuit in 
which the power is required to be measured. The other two 
poles, B and B, in space quadrature are wound with a fine wire 
and arc connected to the circuit so that the current through them 
depends upon the potential of the circuit. It is generally nec- 
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essary to connect in series with the latter shunt, or “ potential 
coil," a high resistance or, preferably, a highly reactive coil. 
Expression for the Torque. For the purpose of simplified 
mathematical discussion to determine the torque of the rotating 
field meter, the flux distribution in the air gap will be assumed to 
vary in a sinusoidal manner. Similarly, we assume that the 
flux from each pole varies according to the sine law, the combina- 
tion of the magnetic fields from the poles BB and the poles AA, 
is the active torque producing field. Consider first that the 
circuit to which the meter is attached is non-inductive. The 
main current, passing through the coils 4A, will produce in them 
an alternating flux proportional to the current since the principal 


| Fic. 6 


part of a magnetic circuit is air, and such flux will lag slightly 
in time bv the angle of hysteretic lead. If the shunt coils are 
merely connected through a pure ohmic resistance to the line 
wires, the currents in the coils BB will be proportional to the 
pressure and will lag behind the pressure by an angle dependent 
on the relative values of the resistance and the self-induction of 
the potential circuit. If, instead of simply connecting the coils 
by a resistance, some inductive device be placed in series, the 
field produced by the magnetomotive force of the pressure coil 
will be proportional to the applied e.m.f., but the phase angle 
can be so arranged that this shunt field flux is in exactly time 
quadrature with that due to the series coils—the necessary condi- 
tion for perfect compensation. 
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Hence, if it may be assumed that the series ficld is distributed 
in space as the sine of the position angle around the air gap, and 
that its field vanes according to the harmonic law with time as the 
independent variable we may write 


Q. = ġ.,sin wt- sin 0 


when $, is the maximum value of the flux from the series coil 
in the case we have under consideration, that of a non- inductive 
load circuit, the flux due to the shunt or potential coils will of 
necessity be distributed in space according to the cosine of the 
space angle 0, and, if the proper degree of compensation or 
phase adjustment has been accomplished, this flux varies as the 
cosine of the time-phasc angle. It may be expressed as 


Pp = фьсов wt. cos 0 


where @,is the maximum value of the flux. 
If the load be inductive so that the current lags by an angle В 
behind the e.m.f., the above expressions take the form. 


Ф. = Ф.свіп (wt — B) sin Ө 

$p = $,cos (ol) cos 0 
The field @ at any point within the air gap 1$ expressed by the 
sum of the above equations, as: 


ф = ф,вп [wt — B] sin 0 + ф, cos wt . cos 0 


If we assume that В =2y and choose a proper instant from which 
time is reckoned, we have 


ф = Фф, эт [wt — ф| sin 0 + $,cos [wt + +] cos 0 


expanding and reducing 


ф = >, (sin wi cos g -sin 0 — cos ot: sin ф. sin 0) 


+ Фр (cos wt . cos ф cos 9 — sin ol: sin ç cos 0 


) cos w+cos(wt+ 0) (2°) COS y 


Ф. F $, 
2 2 


$ = cos (wt — 0) Í 


+ sin (ой — 0) (S52) sin e — sin (o + 0) ($9 sin y 
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Hence the expression for @ contains four terms, each represent- 
ing a rotating magnetic field. For two of these expressions the 


maximum values occur when wt = 6, and for the other two wt 
40 

= — 6, or іп the first case we һауе y 7e and in the second 

10 eorr E 

wr eU The combination of fields is then equivalent to 


four rotating fields; two rotating clockwise and two rotating 
counter clockwise. The maximum values of these fields are 


MT OR. cobra s E сы, 
2 2 
rotating oppositely to the two fields, 
-9» Oe cos о, and е sin ç 


If the rotor or cylindrical armature be at rest, so that the slip 
is 100 per cent with regard to all of the fields, each field will 
produce a torque proportional to the square of the maximum flux, 
hence, the forward torque will be proportional to 


+! (ó, + p»)? cos? ф + (6, — Ф,)° sin? e] 


The backward torque will be 


+ Ф, - $.) cos e (6, + фт e] 


The net torque is the difference between the forward and back- 
ward torque, and is 


ó, Фр (cos? ф — sin? e) 
or P. Фр (cos 2 v) 


or $, pcos В 
since 2ф = В 


1232 HOLLISTER: WATT-HOUR METER [July 2 


Hence, sin ф, is proportional to the current J, and $, is propor- 
tional to the e.m.f. E, the torque driving such a meter is pro- 
portional to the power or 


W 2 I,Ecos f. 


It must be noted that when the disk is in motion the exact rela- 
tions no longer hold. The * ship " of the metal disk is at all 


E 


PK 


о ОР 
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times so near to 100 per cent. that the error from this source 1$ 
negligible. 

Compensating Devices. If we have inductance and resistance 
in series similar to the circuit represented in Fig. 7 and a poten- 
tial E impressed on the circuit, the vector diagram Fig. 8 shows 
in a general wav that the potential O P and P R add vectori- 
ally to equal the impressed pressure OE on the terminals O K. 
Similarly, with a parallel circuit identical with the original cir- 


vLI 


o ОР М 
Ғіс. 9 Ғіс. 10 


cuit connected as shown іп Fig. 7 as О’ P' К’ the impressed 
potential C E is resolved into two components О’ P’ and P’ К’ 
in Fig. 8, assuming that the values of the reactances and re- 
sistances are equal in the two circuits. The difference of poten- 
tial between P and P' is zero in the above case but if the sequence 
of the reactance and resistance is reversed such that the condi- 
tions shown in Fig. 9 obtain, the resulting vecior diagram, 
shown in Fig. 10, is slightly different and there isfound a potential 
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difference between P and P’ given in value and relative phase 
Бу the vector MN Fig. 10. А proper choice of the reactors and 
resistors connected as in Fig. 9 will give a potential between 
P and P' at right angles to the impressed pressure, or in quadra- 
ture therewith, hence, with such an arrangement, the phase of 
the current in the potential circuit of the induction watt-hour 
meter may be governed at will. From the above elementary 
considerations it will become evident at once that several modifi- 
cations are possible in the practical application of the principle 
involved to commercial meters. In point of fact, very few prac- 
tical induction watt-hour meters on the market use such an 
elaborate circuit to obtain quadrature relations between the 
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potential flux and the series flux, such an extreme shifting of the 
phase, 1. e. 90 deg. as here shown, is unnecessary and, in general 
the small amount of compensation required may be obtained by 
series inductors or short circuited secondary coils wound upon 
and over the primary potential coil. Such an arrangement as 
here mentioned, the short circuited secondary coil, is that em- 
ployed bv the shifting field motor shown in Fig. 11 at the points 
СС: 

Shifting Field Meter. In Fig. 11 the elementary structure of 
the shifting field meter is given. The disk DD rotates between 
the poles P1, P2, P3 on the air gap GG. Тһе series coil of the 
meter is wound around the pole P3. The potential coils are 
wound on the main frame of the meter M M'. "The latter coils 
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are connected in series and in such a sense that the magnetic 
flux set up follows the paths as indicated. Due to the air gap the 
poles Pl and P2 are of opposite sign or РІ is north when P2 is 
south. If the magnetizing action of the potential coils wore 
absent the series coil would produce a magnetic field such that 
P3 would be of north or south polarity and P1 and P2 of south 


X Ж 
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or north polarity respectively. Due to the quadrature relations 
existing between the fluxes set up by the potential and current 
coils, the following sequence of polarity is obtained: In Fig. 12 
the flux from the potential coil is a maximum—the current in the 
series coil is considered nil—hence we have pole P1 north and pole 
P2south. Pole P3 1s half north and half south. In Fig. 13 the 
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flux from the potential coil has decreased and the current in the 
series coil having reached an appreciable positive value, pole P1 
is still north but Pole P2 has been reversed due to the magneto- 
motive force of the series сой. In Fig. 14 the current in the po- 
tential coil is reversed, also the current in the series coil have be- 
come zero, therefore, the polarity of the poles will be as indicated 
S.N. In Fig. 15 the flux from the potential coil is again zero, 
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whereas the current in the series coil is a negative maximum or is 
flowing at its maximum rate in the opposite direction to that in 
which it was flowing at the instance shown in Fig.13. The polar- 
ity of the poles is as indicated. Throughout the sequence of 
events outlined above for one complete cycle, it will be noted 
that the action in the air gap GG has been similar to the move- 
ment of a dense band of flux continuously from left to right as 
indicated by the arrows. The reaction of this moving band of 
flux with the eddy currents, and such small hysteretic reactions 
as may be present, produce a turning torque upon the disk 
causing rotation in the direction of magnetic shifts. 
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THIRD RAIL AND TROLLEY SYSTEM OF THE WEST 
JERSEY AND SEASHORE RAILROAD 


BY J. V. B. DUER 


ABSTRACT OF PAPER 


The paper recites the details and cost of construction of thc 
contact systems as originally installed and subsequently modified 
and extended, including third rail, third rail insulators, protec- 
tion, joint and cross bonding, track bonding and trolley struc- 
ture. Operating experiences, as creepage of third rail, slect 
formation on third rail, deterioration of rail bonds and deten- 
tions to train movements chargeable to failure of these struc- 
tures, are related. The cost of maintaining the various con- 
tact structures for seven consecutive years, in cost per single 
track mile per year, is presented. Results of actual measure- 
ment of third rail and track resistances are also given. 


DETAILED description of the route, arrangement of tracks 
and electrical equipment of the electrified portion of the West 
Jersey & Seashore Railroad has previously been published,* 
therefore none of this matter will be presented here. 
The original contact system consisted of the following single 
track mileage: 


THIRD ВАШ. TROLLEY. 
Main line,...........127.12 miles Main Line,........... 18.61 miles 
Sidings,............. 4.61 miles Sidings,.............. 00.04 miles 
ra AA 
Тоа ah 131.73 miles Overlapping third rail.. 00.91 miles 
ЕСЕСІ «ache ЕЛЕКТЕР 19.56 miles 


Substations are located approximately 10 miles apart and no 
third-rail feeders are used. The substation bus voltage 1s now 
maintained at 700. Trains of from two to seven cars are op- 
erated. | 

DETAILS OF CONSTRUCTION 

Third Rail. The third rail throughout is of the P. R. R. 
Standard cross-section and composition. The rails are in lengths 
of 33 feet, weigh 100 pounds per yard and have a conductivity 


~ Manuscript of this paper was received May 12, 1915. 
*Electrical operation of the West Jersey & Seashore Railroad, B. F. 
Wood, Trans. А. I. E. E., Vol. XXX, 1911, p. 1371. 
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about equal to that of a copper rod 1,200,000 cir. mil. The 
composition 15 as follows: С, 0.62 to 0.75; Si, 0.5 to 0.20; 
Mn, 0.80; Ph, 0.03; and S. 0.05 per cent. 

Each rail joint is bonded with two copper ribbon bonds of 
500,000 cir. mil. area each, concealed under special splice bars, 
having solid copper terminals compressed into one-inch holes 
drilled in the rail, as shownin Fig. 1. The rails were drilled for 
the bonds by hand and the bond terminals were compressed by 
screw compressors. 


r 


———— m 


| --------- Бе: сасады eect eee 40 Strips of Copper 716 = 0.0225" 


Ges -5%--------- 
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Fic. 1— THIRD RAIL Вомр ASSEMBLY AND SPECIAL SPLICE 


The third rail end approaches are made of cast iron as shown 
in Fig. 2. In order that no special insulator need be made to 
support the end approach, the bottom of which is of different 
shape than the bottom of the rail, a cast iron chair, Fig. 3, 16 
used which is designed to fit the regular insulator and to center 
and hold the end approach thereto. The side approach, used at 
cross-overs, consists of a plank mounted at an angle on the side 
of the rail as shown in Figs. 4 and 5. 

At grade crossings and other places where the continuity of 
the third rail is interrupted, each rail is joined electrically by a 
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Fic. 3--Тнікр RAIL END APPROACH SUPPORT 
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cable jumper of 1,000,000 cir. mil. area as shown in Fig. 6. The 
cable is drawn into a black bituminized fibre tube, which is laid 
in a solid concrete protection, the stub end of the cable being 
connected to the rail by two bare copper bonds, each of 500,000 
cir. mil. area. A concrete hood fits over the top of the cable 
terminals. 

Fig. 7 shows the relative location of third and track rails, 
which is the same as in the New York Terminal and Long 
Island Electrifications. 

Insulators. The third-rail insulators used are of reconstructed 
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Fic. 6—SEcCTIONAL VIEW OF THIRD RAIL JUMPER 


granite or porcelain, most of which are of the design shown in 
Fig. 8. They are held in position by a metal centering cup which 
is secured in the tie by means of a lag screw. The rail rests on 
the insulator and is not fastened in any way, the arrangement 
preventing strain on the insulators when the ties are depressed 
due to a passing train. The insulators are placed on ties 9 ft. 
4 in. long, spaced approximately eight feet, or every fourth tie. 
A new design of insulator, as shown in Fig. 9, has recently been 
adopted because the method of supporting the top protection 
boards has been changed. This insulator permits of placing 
the protection support on the longitudinal center line of the 
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[DUER] 
Fic. 4—VIEW OF THIRD RAIL SHOWING END APPROACH, SIDE APPROACH 
AND PROTECTION 
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Fic. 5--Мікм ОЕ THIRD RAIL SHOWING ARRANGEMENT AT CROSSOVER, 
PRIOR TO COMPLETED INSTALLATION OF PROTECTION BOARD 
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Fic. 7—RELATIVE LOCATION OF TRACK AND THIRD RAIL 
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Fic. 8--Тнінр RAIL INSULATOR—ORIGINAL DESIGN 
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tie, the bottom of the support with its lag screw heads forming 
a centering device for the insulator, as shown in Fig. 10. This 
insulator is used for renewals as it becomes necessary to replace 
the old insulators. 


Fic. 9—THiRD RAIL INSULATOR— NEW DESIGN 


Protection. Originally the third rail was equipped with pro- 
tection only at stations, 75 feet on either side of road crossings 
and in terminal yards, and the construction was as shown in 
Figs. 11 and 12. The bottom casting, attached to the rail by 
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Fic. 10— METHOD OF SUPPORTING PROTECTION WHERE NEW INSULATOR 
Is USED 


a hook bolt, which supports the whole protection structure is 
shown in detail in Fig. 13. А maple post, attached to the bottom 
casting by a bolt, supports the top casting, Fig. 14, to which are 
bolted the ends of adjacent top protection boards of two-inch 
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plank which average seven feet in length, this distance therefore 
being the spacing of protection supports at stations. At end 
approaches the top protection board extends slightly beyond the 
last support, therefore the top casting here is modified by 
eliminating a part of the vertical web, as shown in Fig. 15. 
The bottom casting, Fig. 16, is also modified to fit the end ap- 
proach casting. 

Opposite all station platforms, the rail is further protected 
by a plank fastened to the side of the rail. In most instances 
the third rail is located on the side of the track farthest from the 
station platform. To prevent persons on the platform from 
coming in contact with the contact shoes on the platform side 


„Тор Protection rd 
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Fic. 11—Tutrp RAIL PROTECTION—CROSS-SECTION 


of the car, there is a protection board mounted flush with the 
platform and supported on castings fastened to the ties. See 
Figs. 17 and 7. 

During the early part of 1912, top protection was added to all 
unprotected rail. Instead of using the old form of attachment 
to the rail itself, the board is supported by wrought iron brackets 
attached to the long ties carrying the insulators, as shown in 
Figs. 18 and 19. Adjacent boards are joined together by means 
of a wrought iron plate. The wood used in the original pro- 
tection was not treated in any way but was given several coats 
of paint after installation; that used in this latter installation 
was given two coats of hot creosote. 
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Trolley Wire. Originally, a trolley wire of span type construc- 
tion was used instead of third rail between Newfield and Millville, 
10 single track miles, and between South Gloucester and Haddon 


Fic. 13— THIRD RAIL PROTECTION—BoTTOM CASTING 


Avenue, Camden, 9.56 single track miles, on account of these 
districts being thickly settled and the tracks at grade, but in 
March, 1910, the trolley wire on the Millville Branch was replaced 


Fic. 14— THiRD RAIL PROTECTION— ToP CASTING 


by third rail of the same construction as that of the rest of 
the road. The trolley wire is No. 4/0 grooved section, supported 
by š inch galvanized steel stranded span wires at a height of 


PLATE LXV. 
А. |. E. E. 
VOL. XXXIV, NO. 6 


[DUER] 
Fic. 12—VIEWw SHOWING ORIGINAL PROTECTION, END APPROACH AND 
CABLE JUMPERS 


[DUER] 
Fic. 22—VIEW oF CAMDEN YARD 
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22 feet above track rails. The supporting poles are mostly of 
wood and are spaced at a distance of 100 feet. Through 
Camden, tubular steel poles are used and, wherever practicable, 


Fic. 15— THIRD RAIL PROTECTION AT END АРРЕОАСН--ТОР CASTING 


the high tension transmission poles are used assupports. There 
are two 750,000 cir.mil. feeders between South Camden Substation 
and Haddon Avenue, Camden, and one 500,000 cir. mil. feeder 
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Fic. 16--Тнікр RAIL PROTECTION AT END APPROACH— BOTTOM CASTING 


` between South Camden substation and South Gloucester. 
The feeder formerly used between Newfield and Milville was 
750,000 cir. mil.area. Multi-gap lightning arresters are installed 
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approximately 1000 feet apart. All pull-offs, strain ears, feeder 
ears and splicing sleeves are of bronze and of standard pattern. 
Track Bonding. The track rail joints are bonded similarly 
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Fic. 18—DETAIL OF THIRD RAIL PROTECTION BRACKET 


to those of the third rail except that two bonds of 400,000 cir. 
mil area each are used. Bonds composed of 40 copper ribbons, 
7/16 in. by 0.0225 in. were originally used, but experience 
showed that the ribbons were too readily broken close to the 
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terminals due to the vibration of the joints, therefore stranded 
wire bonds of the same total area are now used with greater 
success. The original bonding was done without interruption 
to traffic and all holes were drilled by hand, one splice bar 
being kept in position to provide for the safe passage of trains. 

Third Rail Cross-Bonding. Opposite each substation a wood 
insulating block is inserted in the third rail of each track, thus 
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Fic. 19—GENERAL ARRANGEMENT OF PROTECTION ADDED IN 1912 


sectionalizing the third rails at these points. Originally the 
third rails of all tracks were electrically connected together 
midway between substations through fused sectionalizing 
switches, normally kept closed to obtain the combined conduc- 
tivity of all rails, so arranged that any of the four sections could 
be disconnected from the rest of the system in the event of 
trouble or heavy repairs. So little trouble with the third rail 
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Fic. 20—Tuirp Ratt DIAGRAM SHOWING CrOSS-BONDING 


has been experienced, however, that there was no advantage 
attached to the sectionalizing feature and the switches were 
therefore removed and the third rails were permanently bonded 
together at this point and at two other points between most 
of the substations, as shown in Fig. 20, to obtain greater con- 
ductivity. In terminal yards where there is more likelihood 
of third rail trouble, the rails of the various tracks are fed 
through fuses and sectionalizing switches, so that if trouble 
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develops on one track, that section of the yard can be isolated 
from the rest. The arrangement in Camden Yard is shown 
in Figs. 21 and 22. The fuses here are of 1600 ampere capacity. 


Cost OF CONSTRUCTION 
The original cost of construction was as follows: 


Miles Total cost Per mile 
Third rail, including rail, bonding, insu- 
lators, protection, etc............... 131.73 $557,636.00 $4,235.00 
Trolley wire, including wire, poles, line 
material, lightning arresters, etc..... 19.56 80,500.00 4,120.00 
Track bonding....................... 151.29 102,659.00 678.50 


The cost of replacing the trolley wire with third rail between 
Newfield and Millville is given in Table No. 1. 


OPERATION AND MAINTENANCE EXPERIENCES 


Shortly after the third rail was placed in service it began 
to creep in the direction of traffic, with attendant tightening 
and straining of the jumper sub-end bonds and breaking of 
insulators. The insulator ears were broken off on curves by 
the buckling of the rail and on tangent track by the strain im- 
posed upon them when the protection supports, attached to 
the rail were brought against the insulators when creepage 
occurred. To overcome the difficulty, the third rail was an- 
chored to the ties at intervals of from 1000 to 1500 feet and the 
practice of periodically loosening the splice bars and oiling the 
joints was instituted. This eliminated the creepage, but the 
anchors frequently gave trouble by breaking down in insula- 
tion, causing delays to traffic, when it was found that the loosen- 
ing and oiling of the joints in itself gave satisfactory results 
and all the anchors were removed. The joints are now oiled 
by the patrolmen every Spring and Fall. The protection added 
in 1912 was held by supports attached to the ties, as previously 
explained, thus holding it stationary and independent of the 
movement of the rail. 

Although sleet-cutting shoes were used on the cars during 
seasons when.sleet was likely to form, with the provision of an 
extra tension device for applying a tension on the shoe of from 
90 to 100 pounds, considerable trouble was occasioned by 
sleet, resulting in numerous delays to traffic. Cars specially 
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fitted with calcium chloride tanks, with means for heating 
same and distributing on the rail while hot, are hauled over 
the road by steam locomotives when sleet begins to form and 
this minimizes trouble as much as practicable. The addition 


TABLE NO. 1. 


COST OF REPLACING TROLLEY WITH THIRD RAIL BETWEEN NEWFIELD 
AND MILLVILLE. 


Cost 
Total ` Per mile. 
Third Rail, 
ESDOEP- wack е bat ee ewes $ 1.505 48 
Material, ................:.... 24.736 92 
Freight,etc.,................... 171.30 
----- $26,713.70 $2.534 64 
Splices, 
LA DOG eles келеды eee ees $ 5.00 
Materials а з oe awe ee 1,155.59 
| 1,160.59 110.50 
Bonding, 
РАБО салы te qapa o satu Sesha aa $ 1.109.19 
Material u Za hu IS Idee 3,318.20 
Freight,....................... 64.50 
4.191 89 427 80 
Insulators, 
Пабот u ye Saa AS Oe oer $ 175.24 
Material... cx tones heat anes 2,153.05 
2,328.29 221.74 
Long Ties, 
Difference between cost of long 
and standard ties,............. 1,863.20 177.50 
Total РИО $36.557.67 $3,181.68 
Cable Jumpers, 
LabOric Лама а Ық ELO 
Maternal. ишы лыкын карабы ч 2914 77 
PrIOEgHt аи nne toh Sa дЫ УЫ 29 80 
$ 3.571.57 $ 113.87 Per Cross- 
Protection (Road Crossings and Sta- ing 
tions only) 
aOR tios aer Eu a EX ыы. $ 497.59 
Material. o uu pu Rk ee Gee Ы 1,953.91 
Freight; u sa ios xx eau ad C eR 108 06 
— $ 2,259.56 О. 1347 Рег foot 
Long Ties, 
Substituting for short ties, 
парата ыды y риле И» $ 2,065.00 2.065 .00 196. 50 per mile 


of the top protection to the rail overcomes sleet formation in 
a great many cases but is of little use in this respect when a 
driving wind accompanies sleet forming weather, іп which 
event the chloride cars are used as formerly. 
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The trolley wire is given rigid and frequent inspection to locate 
defects before failures occur. The maintenance cost is about 
six times that of the third rail, as may be seen by reference to 
the table under the heading “ Maintenance Costs." 

Third-rail bonds require practically no attention as tests 
indicate little change in their resistance. Road crossing jumper§ 
gradually deteriorate and occasionally develop defective insu- 
lation and burn out. Due to the vibration of the track rails 
at joints, the track bonds require testing and partial renewal 
every six months. Any joint showing a resistance equivalent 
to eight feet of rail or over is marked for rebonding. The follow- 
-ing table shows the results of a number of track bond tests. 


Joints Joints Per cent 

Date tested defective defective 
October, 1909 46.633 716 1.53 
Мау, 1910 46,633 378 0.81 
October, 1910 46,633 381 0.82 


The testing is done by three men working together, and 
between 5000 and 6000 joints can be tested in 10 hours. 


MAINTENANCE Costs 


The cost of maintaining trolley, third rail and track bonding 
systems for the past seven years is given in Table No. II. The 
maintenance cost of each system includes the amounts directly 
chargeable to that system and a pro rata charge for general 
expenses as follows: Superintendence; Maintenance, Labor and 
Material; Tools and Supplies; Proportion of Expense of Pur- 
chasing Department; Tclephone Operation; Stationery and 
Printing; Tower Car Service for Trolley; Operation of Chloride 
Cars for Third Rail; and Bond Testing for Track Bonding. 
Credit is applied for all scrap material of value. The average 
maintenance cost per mile per vear is also expressed in рег 
cent of the construction cost per mile. 


TRAIN DETENTIONS CHARGEABLE TO CONTACT SYSTEMS 


Summary reports showing train detentions for all causes 
are not regularly prepared; such reports for the years 1909 
and 1912, however, are available and show the detentions 
chargeable to the contact svstem as given in Table No. ПІ. 
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TABLE NO. II 


WEST JERSEY AND SEASHORE RAILROAD ELECTRIC TRAIN SERVICE 
MAINTENANCE Cost PER SINGLE TRACK MILE PER YEAR. 


Year Trolley Third тай [Track bonding 
1908 $424.25 $53.52 $15.74 
1909 391.81 71.23 21.18 
1910 510.44 76.65 15.28 
1911 376 05 111.99 17.46 
1912 642 44 99 10 21.47 
1913 ` 636.10 86. 16 44.95 
1914 450 67 73.54 44.82 
Average $490.25 $81.74 $25 84 
Per cent о! 
investment 11.90 1.93 3.77 
per mile 


TABLE NO. III. 


WEST JERSEY AND SEASHORE RAILROAD ELECTRIC TRAIN SERVICE. 
TRAIN DETENTIONS CHARGEABLE То CONTACT SYSTEMS. 
YEAR 1909. 
Single Track Miles of Third Rail, 131.73; Single Track Miles of Trolley 19.56. 


Number Minutes 
detentions detentions 


— 


Per cent Per cent| Car miles 


of total oftotal| per minute 
Total for all Total for all detention 

causes causes 
Third rail short circuits........... 3 0.032 14 0.031 293,340.40 
Third rail out of place. ........... 1 0.011 8 0.019 513,345. 13 
Third rail’anchor on fire........... 1 0.011 5 | 0.011 821,353.00 
Third rail protection out of place... . 1 0.011 1 0.002 | 4,106,765 .00 
Sleet on third rail................. 47 0.510 812 1.818 5,057 . 59 
ТтоПеуізіге точЫе.............. 253 2.742 | 1920 | 4.299 2,138.94 

YEAR 1912. 


Single” Track? Miles of Third Rail, 141.73; Single Track Miles of Trolley 9.56. 


Third rail short circuits........... 14 0.189 82 0.314 56,673.61 
Third rail out of place. ........... 1 0.014 4 0.013 1,161,809,00 
Third rail protection out of place... . ] 0.014 20 0.075 232,361.80 
Sleet on third rail................. 43 0.581 391 1.509 11,885.51 


Trolley wire trouble. .............. 48 0.649 272 1.049 17,085.43 
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Sleet troubles vary considerably during different years, and all 
detentions due to this cause may occur on one day. The de- 
tentions chargeable to the trolley wire are frequent and more 
or less regular. In addition to the detentions from this ‘cause 
given in Table No. III, are the following: 


Single track Detentions 
miles of 
Year trolley 
Number Minutes 
1908 19.56 230 2864 
1910 9.56 63 927 
1911 9.56 46 165 


THIRD RAIL AND TRACK RESISTANCES 


Resistance of third and running rails, measured by the drop 
of potential method, are given in Table No. IV. The tests were 
made directly after the rail bonds had been tested and de- 
fective ones renewed. Where total resistance of third rails 
and running tracks was measured, the current flowed the 
length of the third rails, in multiple, and returned through the 
running rails, in multiple. 


TABLE NO. IV 
WEST JERSEY AND SEASHORE RAILROAD ELECTRIC TRAIN SERVICE 
Third Rail and Track Resistances. 


No. of con- 
tinuous rails |Length| Weight of Totalres. 
measured of rails pounds No. of per mile 
— section per yd. third у Кез. jof single 
Run- |Third| meas- — rail per mile | track 
ning (In | ured jum- Total| single with 
Inmul-| mul- in Run- pers on res. in | rail in| third 


tiple) | tiple) | miles | ning | Thi:d |Mallast| sect. |Weather | ohms ohms rail 


6 0 3.4 | 100 ... | Stone dry 42°F; 02607! .0460 | ..... 
4 0 9.0 | 100 ... [Stone] .. ë = |.07730| .0344 | ..... 
0 3 3.4 100 28 ы “ |.04989| .0440 

0 2 9.0; ... 100 ite 46 s = |.23520| .0523 сузл 

2 1 8.1 | 100 100 | Ѕіопе | 20 jwet * |.33628| .... .0415 
4 2 10.9 85 100 |Cinder| 50 8 “ |.35172| .... .0645 
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OVERHEAD CONTACT SYSTEMS, CONSTRUCTION 
AND COSTS 


PART I 


BY Е. 1. AMBERG 


— 


ABSTRACT OF PAPER 


This paper, written with special reference to the New Haven 
electrification, gives a brief analysis of the systems and points 
to be considered in equipping trunk lines with overhead catenary 
construction. The paper is sub-divided into five parts, viz: 
catenary systems, supporting structures, sectionalization, special 
construction and cost data. 

Under '' Catenary Systems ” a short description is given of 
the various types used on the New Haven, stating the conditions 
for which each is best adapted. 

The same applies to the supporting structures and sectionali- 
zation. 

Under “ Special Construction ”' only the cross-overs and river 
crossings have been considered more fully, while other special 
work has onlv been mentioned, as it was not within the scope of 
this paper to go into the details of construction. 

With reference to the cost data: It should be borne in 
mind that the figures given apply to the New Haven construction 
which was installed in the section with greatest traffic density, 
also through thickly settlcd communities. Therefore, the figures . 
given will be of little value for comparison or estimating unless 
these conditions are equated. 


, 


HIS SECTION of the paper is written with special reference 

to the electrification of the New York New Haven & 

Hartford Railroad between New York and New Haven, the 

New York Westchester & Boston Railway, and of the Hoosac 

Tunnel section of the Boston & Maine Railroad; the writer 

having been closely associated with this work under the direction 
of Mr. W. S. Murray. 

The N. Y., N. H. & H. R. R. section covers an entire engine 
district consisting of 75 route miles of four and six-track main 
line; six route miles of single track branch line; large freight yards, 
station sidings and industrial spurs. The New York West- 
chester & Boston Railway section consists of 173 route miles 
of four and two-track main line with vards and sidings. The 
Boston & Maine Railroad section consists of eight route miles 


^ Manuscript of this paper was received May 12, 1915. 
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of double track with yards and sidings, and includes a tunnel 
section of 4.75 miles. "These electrifications total 575 miles on 
a single track basis. Several types of catenary construction 
were necessary to meet the various requirements. 

For convenience, the paper is sub-divided into the following 
general parts. (1) Catenary Systems. (2) Supporting Struc- 
tures. (3) Sectionalization. (4) Special Construction. (5) 
Cost Data—General. 


CATENARY SYSTEMS 


A catenary svstem may be either rigid or flexible, but the 
two should never be combined, for operating experience has 
shown that where flexible and rigid parts meet, trouble is es- 
pecially liable to occur. The flexible system has been most 
used in this country and three distinct types have been in- 
stalled on the New Haven and its allied lines, viz: double 
catenary, compound catenary and single catenary. 

Double Catenary. This was the pioneer catenary installation 
in the world as applied to trunk lines with heavy traffic density. 
When installed it was considered necessary to provide stiffness 
against wind to keep the trolley within reach of the locomotive 
pantagraphs. Two 9/16-inch steel messenger strands were 
used, to which triangular. hangers were fastened, these supporting 
the copper trolley wire. This provided horizontal stiffness and 
vertical rigidity; thus the construction was a combination ofa 
rigid and flexible system, the rigid section being the two messen- 
gers with triangular hangers, the flexible part the copper trolley 
wire between hangers. Initial operation showed that this 
combination was not adapted to high-speed service and it was 
readily changed to a flexible system by the addition of a steel 
trolley wire supported by clips from the copper conductor. 
These clips were installed midway between triangular hangers. 
(This phase of the construction has been thoroughly discussed 
in Mr. Murray’s paper “ Тһе Log of the New Haven Electri- 
fication.") The double catenary system also has the advantage 
that if one messenger broke the other would prevent the catenary 
from falling. 

The system has several disadvantages. On account of the 
two live messengers being carried over the bridges, it is impos- 
sible to do work on the trusses, such as installing signals or run- 
ning taps from one side to the other, without having power cut 
off. No ground wires were installed, as it was thought that 
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lightning arresters of the spark-gap type would be adequate to 
prevent trouble from lightning; but the protection was in- 
sufficient, and electrolytic lightning arresters have now replaced 
them. The trouble from lightning has been reduced considerably 
but 1s still greater in this section than on any other part of the 
electrification. | 

Compound Catenary. This was first developed and installed 
on the one-mile section at Glenbrook, Ct. The type was further 
developed and applied to the Harlem River Branch, the New 
York Westchester & Boston and the section between Stamford 
and New Haven. It was considered desirable to install a 
grounded messenger over each track, which would remove the 
live parts of the catenary from the trusses, eliminate lightning 
trouble and at the same time be used to keep the trolley wires 
nearly over the center line of track without the use of pull-off 
poles. The £-inch messenger is carried over the catenary 
bridges and is supported on cast iron saddles instead of insulators 
as in the double catenary type, and 1s thereby grounded to the 
bridges. These messengers, strung over each track, are con- 
nected at the quarter points of the spans by thrce-inch I-beams 
running across tracks. The suspension insulators are attached 
to these I beams for carrying the single catenary, which consists 
of a $-inch stranded steel messenger clamped to the insulators 
а 4/0 copper conductor supported from the strand by 3-inch rod 
hangers every 10 ft., and a 4/0 steel contact wire fastened to 
the copper conductor by clips placed half way between the 
rod hangers. On curves the “ Murray " hanger is used. This 
is clamped to the messenger and is held at a suitable angle by the 
acting forces. Fastened to the lower end is a duplex clip to 
hold the copper and steel trolley. Length and angle of hanger 
are adjusted so that the clips are true to line and the contact 
wire is held over the center of track. With this type of construc- 
tion 1t is possible to maintain 300 ft. spans on curves up to three 
degrees without pull-offs; for sharper curves it is necessary to 
shorten the spans. Even on reverse curves no difficulty has 
been experienced in keeping the contact wire in its proper 
location. On curves. above two degrees, the temperature has 
an influence on the alignment of the contact wire, requiring the 
use of pull-offs spans between bridges. 

Single Catenary. In this construction the insulators are at- 
tached to the under-side of the trusses and the single catenary 
suspended from them. This also keeps the live wires of the 
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catenarv below the steelwork. For tangent sections the 
bridges can be spaced 300 ft., but for curves this distance 
must be reduced unless pull-offs are used. Adequate hghtning 
protection was secured by stringing ground wires on the feeder 
supports. 

Single catenary may be used both for main line and yard 
work. In vards the copper wire may be omitted for the reason 
that in the average yard the trolley wires have sufficient current 
carrying capacity, since several tracks are connected in multiple. 

To make the yard construction as light as possible, a $-inch 
messenger, 2, 0 trolley and $-inch hangers were used, except for 
tracks with frequent movements; these were equipped with 
5-іп. messenger, 4/0 trolley wire and 34-inch rod hangers. 

Contact Wire. The steel trolley wire rusts considerably; this 
rust is washed off by rain and drips onto coaches and loco- 
motives operating in the zone, making them unsightly and 
necessitating more frequent painting. Where frequent loco- 
motive movements are made, the under-side of the trolley 
wire 15 kept bright and presents a good collecting surface, but 
where locomotives are operated infrequently rust collects, 
causing increased sparking and burning of pantagraph shoes. 
In the Woodlawn-Stamford section the steel trolley wire has 
been in service since 1907 and at points of greatest wear phono- 
electric trolley wire has been installed, with very satisfactory 
results. For future electrifications doubtless steel contact wire 
will be less used, although the difference in first cost 1s much 
in favor of it. 

Insulators. Insulation is a very important part of anv cate- 
nary system, and the slight additional cost for insulators with 
a high factor of safety is good insurance. The types used on 
the New Haven electrification were all tested for 110,000 volts. 
The pin, suspension, and some of the strain insulators are of 
the porcelain type; other strain insulators are of wood. Tem- 
perature strains in porcelain insulators should be given most 
careful consideration, especially in the dead-end type. Failures 
have been caused by steam train operation in the electrified 
zone, break-downs being most frequent where clearance be- 
tween the locomotive stack and insulator is restricted, or where 
steam engines stopped under or near an insulator. Where 
clearances are restricted it is advisable to locate the insulators 
off the center line of track or to use two insulators in parallel, 
spaced several feet apart. In tunnels two insulators in series 
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are advisable and this form was successfully used in the elec- 
trification of the Hoosac Tunnel; in this case each insulator 
was tested for 150,000 volts (Fig. 6). 


SUPPORTING STRUCTURES 


The supporting structures can be divided into three classes; 
bridges, steel or wood poles with cross-spans, and poles with 
brackets. Choice of the supporting structure is governed by 
the load to be carried, number of tracks to be spanned, right- 
of-way available, factor of safety desired and other conditions. 
On the New York New Haven & Hartford Railroad and New 
York Westchester & Boston Railway systems the supporting 
structures for the main line tracks were designed not only to 
carry the catenary system, feeders and transmission lines, but 
also a signal over each track weighing 2400 Ib. 

A bridge was the onlv structure which would fulfil the above 
conditions. On the New Haven electrification between Wood- 
lawn and Stamford the bridges are designed so that all over- 
turning moments were taken at the base, a feature which re- 
quired large foundations. Тһе bridges for the Harlem River 
Branch, New York Westchester & Boston and the main line 
between Stamford and New Haven were designed to take the 
moments resulting from stresses acting across track in the 
corner connections between posts and truss. Тһе foundations 
have only to resist the over-turning moment along and the 
shear across track, making them much lighter than those first 
installed. The cost of the combined structure is materially 
reduced by having the steclwork carry the stresses. The 
height of the bridges is regulated so as to keep the contact 
wire 22 ft. above the top of rail, excepting at places where 
clearance is restricted. These bridges span six tracks on the 
Harlem River Branch, four tracks on the main line and a sec- 
tion of the New York Westchester & Boston, and two tracks 
on the New Rochelle and White Plains Branch of the N. Y. 
W. & B. Ry. Some special bridges span as many as ten tracks. 

The cross-span construction is especially well adapted where 
a large number of tracks are to be equipped with single cate- 
nary. This applies to main line as well as yards. The cross- 
span messenger is supported by poles, which may be either 
self-supporting or guved. On the New Haven electrification 
most structures are self-supporting. The cross-span construc- 
tion was used in all vards and at certain points for main line 
work. 


1260 AMBERG: CONTACT SYSTEMS [July 1 


The cross-span messengers of j-inch or £-inch steel strands 
are supported by latticed steel poles in large, and by wooden 
poles in small yards. Pull-offs cannot be entirely avoided in 
yard work on account of sharp curves. The cross-span being 
a flexible support, makes necessary the use of steady strands 
to hold the catenary in its proper position over the tracks. 

Poles with Brackets. This type has been used for single 
track sections and for station and industrial sidings. It is 
cheaper but not so reliable as the others, although suitable for 
the purpose. 150 ft. is about the longest span which can 
sately be used on tangents with wooden poles. 


SECTIONALIZATION 


It is necessary to sectionalize the contact system to locate 
trouble and to make repairs with the least interference to 
operation. Main line tracks should be sectionalized from each 
other and each should again be divided into sections. The 
sectionalizing points should preferably be at or adjacent to 
principal cross-overs, which are generally controlled from 
signal towers. There are always employees at such places, 
who may be charged with the small additional duties of opera- 
ting the electrical apparatus. To disconnect a defective section 
quickly, automatic oil circuit breakers are used. These breakers 
should be of ample size and staunch construction as they are 
subject to a severe service. The automatic opening of breakers 
is controlled by relays, with enough margin for adjustment to 
insure proper selection and sequence of operation. On the 
New Haven and the New York Westchester & Boston Railway 
systems, the breakers are of the outdoor type mounted on sec- 
tionalizing bridges. This gives the shortest possible high- 
tension connection between busses, track catenaries, feeders 
and these circuit breakers. The switchboard, with the control 
switches and relays, is located in the signal tower. The con- 
nections between the board and the breakers are made by means 
of individual lead-covered cables. Under certain conditions a 
better layout can be obtained by placing indoor type circuit 
breakers in a building beside the track. Such an installation 
was made by the engineers of the New Haven when electrify- 
ing the Hoosac Tunnel of the B. & M. R. R. 

The actual break or gap in the track catenaries can be made 
in different ways. Two distinct types, however, with various 
modifications were used on the New Haven; one rigid, the other 
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Fic. 8—Woop SECTION BREAK 


flexible. The rigid type was a wood 
section insulator, which gives a very 
simple construction but produces an 
undesirable hard spot for high speed 
operation. By installing a movable 
approach to the wood section break, 
the effect of the hard spot is some- 
what reduced. The flexible wings 
shown on the wood section break 
(Fig. 8) are arranged to prevent an 
engine from getting stalled at that 
point. 

In the flexible type, air is used as 

an insulating medium; insulation is 
obtained by having the trolley wires 
of the two adjoining sections overlap, 
spaced about 18 inches apart, and 
then dead-ending each in opposite 
directions. 
‚ Yard sectionalization is easily ar- 
ranged. On account of the slow move- 
ment of trains the wood section break 
can be used without movable ap- 
proach. Tracks do not have to be 
sectionalized individually but can be 
grouped; ladder tracks, however, 
should always be kept separate. The 
sectionalization of yards is largely de- 
termined by the manner in which the 
switching is done, and for that reason 
the local conditions should be care- 
fully studied in conjunction with the 
operating officials. 

The various yard sections are sup- 
plied from a feeder through discon- 
necting switches, and if the yard is 
sufficiently large it is advisable to 
arrange the feeder in loop form, 
placing an automatic circuit breaker 
at each end of the loop. The feeder 
should again be subdivided intoseveral 
sections by disconnecting switches, 
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SPECIAL CONSTRUCTION 


This covers the work at cross-overs, river crossings, arrange- 
ments for joint use of the same overhead wire in yards and 
sidings by the 11,000 volt a-c. locomotives and the 600 volt d-c. 
trolleys at different times, grade crossings of 11,000 volts a.c. 
and 600 volts d-c., and many other problems which although 
of minor importance are links in the complete chain. 

Cross-overs are all equipped with a single catenary, omitting 
the 4/0 copper wire. Wherever possible, air sectionalization 
is used but there are a number of places where wood section 
breaks could not be avoided. Perfect alignment is necessary 
where main line and cross-over catenaries mect, and at these 
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points deflectors are used to prevent the pantagraph shoe 
catching in the wires. 

The construction for river crossings presents unique studies. 
Of these crossings one is spanned by a drawbridge and the 
others by rolling lift bridges of various designs. On the lift 
bridges each pound of construction had to be compensated for 
in the counterweight, the total additional increase in weight 
being limited by the bridge foundations. The track, feeder 
and current-return circuits, three-phase transmission and signal 
lines, control and ground wires were carried across the rivers 
on high transmission towers; the United States Government 
specifying the minimum clearance between mean high water 
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and lowest point of wires over the channel, which varied between 
135 ft. and 165 ft. Excepting at one place, where towers were 
placed in the river on both sides of the bridge, these high towers 
are combined with the anchor bridges which take the dead-ends 
of the main line catenaries (Fig. 9). А light contact system is 
carried between the towers. 


Cost DATA 


It is of little value to give costs without at the same time 
stating fully the exact conditions under which they have been 
obtained. The diversity of 
conditions on the New Haven 
and its allied lines has clearly 
shown that the cost per mile 
of single track may vary con- 
siderably. The information 
in the following diagrams and 
tables is intended to give an 
idea of the cost of the various 
types of construction under 
"normal conditions” met 
within this territory, and also 
show how this may vary 
under more difficult condi- 


tions. 
Catenary Construction. Figs. 


No. 10, 11 and 12 give the 
respective cost per mile of 
single track for compound 
catenary construction of the 
New Haven type for a six- 
track, four-track and two- 
track section, exclusive of 
feeders, transmission lines and sectionalization. 

Figs.,No. 13 and 14 give the respective cost per mile of single 
track for single catenary construction of the New Haven type 
for four-track and two-track sections, exclusive of feeders, trans- 
mission lines and sectionalization. 

These curves apply to the following normal conditions: 

(1) Foundations. The ground on both sides of the tracks 
is level; no piling or rock blasting necessary. 

(2) Bridges. To carry one catenary, one signal, one 4/0 
feeder per track; duplicate 4/0 three-phase lines; duplicate 
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signal lines, each consisting of two No. 3 control wires and two 
3-inch steel ground wires. No bridge to span more than the 
standard number of tracks nor carry additional load, such as 
yard cross-spans, brackets, etc. None of the feeder supports 
to be moved in from the posts to the trusses. 

(3) Labor and Work train conditions for installation of Cate- 
nary. Gangs and worktrains occupying tracks assigned for con- 
struction purposes to be allowed reasonable freedom from inter- 
ruption. 

Table 1 shows the different items which make up the total 
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labor and worktrain cost for catenary erection and the per- 
cent of each. 

For items Nos. 2, 3, 4, 5, 6 and 9 the time paid 1s about twice 
the actual working time even under the above assumed '" average 


conditions." The lost time is spent on sidings clearing for im- 
portant trains and on the trips between headquarters and work- 
ing points. 


Item 7 is high due to the fact that much assorting and as- 
sembling of material was done at the storeroom. 

(4) Catenary Material. Table 2 shows in per cent the dif- 
ferent items making up the cost of catenary material. "The 


1915] AMBERG: CONTACT SYSTEMS 1265 
item of catenary material is not inclusive for special work, 
such as cross-overs, sidings, sectionalizing, nor does it include 
the dead-ends for the catenaries, which latter are included in 
the cost for sectionalizing. 

Variation in Cost. Table 3 gives an idea of the increased 
cost when applied to difficult sections. 

Sectionalization. The costs given in Table 4 apply to stand- 


TABLE I. 
LABOR AND WORKTRAIN FOR ERECTION OF CATENARY 
Table giving distribution of labor and worktrain service in per cent. 


(1) Pulling out WV'istrands............................................. 4.8 per cent* 
(2) Locating saddles; spreading and sagging V strands.................. 7.9 per cent* 
(3) Putting up I beams with insulators attached........................ 6.3 per cent. 
(4) Pulling out Ë” messenger; 4/0 copper and 4/0 steel wire.............. 6.7 per centt 
(5) Clipping О venei аа ONSE Aa по EU RD UC СУ 25.2 per cent 
(б) Final айв тепе гар ЕР ҰЗ “ӘЗЗ ORO RACE Ұға» 4.8 per cent 
ОС ооо cool sy e ad koe We RU ACE E a Ree а eee T 18.9 per centt 
(8) Painting i" тевбепрег........................................... 13.3 per cent 
(9) Painting $” catenary (except 4/0 wires)............................ 13.0 per cent 
Total labor and worktrain for erecting compound catenary......... 100.0 per cent 


*Can be omitted for single catenary. 
tCan be partly omitted for single catenary. 
Relation of compound to single catenary is 100 to 64.1 


TABLE II. 
CATENARY MATERIAL 
Table giving distribution of material in per cent. 


(1) 4^ grounded steel тпе$зепдет...................................... 26.2 per cent* 

(2) Saddles complete... veo dus LER Ss SENG E БҰ жаа ARG ES 1.6 per cent* 

(3) 3” I beams with fittings................... о катом 7.4 рег cent* 
(4) Suspension insulators сотр] е{е.............. а 8.2 per cent 
(5) 4" messenger... ара ES Us aes 15.7 per cent 
(6) 470 copper WIFE. ioc Sos Dex Ue Oe ae БИз АСЫ АҚЫ a bud eaa 21.6 per cent 
(7) 4/0 steel trolley wire..............: салала gt SMe es ысы е gi ora РІ 8.5 per cent 
(8) 3“ hangers completë....... ..... Sox Op RU Б Же eS es 6.0 per cent 
(9) Duplex clips between copper and steel wires....................... 0.7 per cent 
(10) Bolte Cte inh ce a Evae ea cao DES dS es be Pes CA E RR ШЫЛ ҚЫСЫ 4.1 per cent 
Total for compound catenary, exclusive of dead ends.............. 100.0 per cent 


*Can be omitted for single catenary. 
Relation of compound to single catenary is 100 to 64.8 


ard sectionalizing bridges as used on the New Haven Road. 
(Costs for outdoor substations not included.) 

Feeder and Transmission Lines. Costs for feeder and trans- 
mission lines have not been included in the tables, since these 
present no new features excepting such as arise from the con- 
ditions under which the wires were strung. The erection cost 
varies from $20.00 to $50.00 per mile of wire. ` 
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Yard Construction. In large yards of regular layout the total 
cost can, be as low as $3000.00 per mile of single track, inclusive 
of sectionalization and feeders. In small vards with short 
tracks and irregular layout the cost will be necessarily increased. 
Much depends on the importance of the vard and the factor 


TABLE III. 


Table to show variation in total cost and cost of different parts, due to local conditions. 


(1) Fairly regular layout; very few curves; some piling under foundations; sections of 
relatively new fill requiring large foundations. 

(2) 25 per cent curves; restricted right-of-way for a considerable distance, making it 
necessary to move feeder supports in, thus increasing the stresses on the bridges; yard 
cross-spans attached to many bridges, some bridges spanning more than standard number 
of tracks. 

(3) 32 per cent curves; some piling under foundations; fills requiring large foundations; 
cuts where rock blasting was necessary for the foundations; a number of bridges carrying 
yard cross-spans. 


Total cost per 


mile of single Cost Cost Cost 
track of com- Number of of of 
pound catenary, of foundations catenary catenary 
exclusive of sec- tracks in bridges constrn. 
tionalization per cent in in 
and feeders per cent. per cent. 
1 $8,000 .00 4 26 per cent 36 percent | 38 per cent 
2 11,000 00 4 20 per cent 47 percent | 33 per cent 
3 11,000.00 6 29 per cent 39.5 per cent | 31.5 per cent 
TABLE IV. 


COST FOR STANDARD SECTIONALIZING BRIDGE 


Compound catenary. Single catenary 


6- Track 4-Track 2-Track 4-Track 2-Track 


—————— | ———— — ——_— s eed 


Foundations............... $2,000. 1,720. 960. 960. 620. 
Steel work................. 2.600. 1,760. 1,000 1,360. 720. 
Electrical apparatus........| 11.500. 10,000. 7.000. 10.000. 7000. 
Sectionalization............ 750. 500. 250. 500. 250. 

Total v зла $16.850. 13,980. 9,210. 12,820. 8590. 


of safety used. For favorable conditions the costs may be 
approximated as follows: 


Foundations installed........................ $ 700.00 
Supporting Structures егесісі................. 800.00 
Сатепагу Маепа 2: ы сь куа еда ыы 1000.00 
Labor & Worktrain бегуісе................... 500.00 


Total per mile of single track.............. $8000.00 
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CONSTRUCTION, MAINTENANCE AND COST OF 
OVERHEAD CONTACT SYSTEMS 


PART II—CATENARY CONSTRUCTION 


BY F. ZOGBAUM 


ABSTRACT OF PAPER 


This paper 1$ designed to give a general review of the problems 
involved in the maintenance and the cost of an overhead con- 
tact system of the catenary type, carrying high-voltage pro- 
pulsion currents. The paper includes not only the contact 
system itself, but the transmission lines which form an integral 
part of the same. .The subject treated is the catenary con- 
struction on the New York, Westchester & Boston Railway 
which is purely an electrical line, having no steam whatever. 
Several points will be brought out, such as the method of main- 
tenance. the organization of the maintenance forces, the cffi- 
ciency of insulation and other points which may be used in 
comparison and in discussion. 


NE OF THE most important matters pertaining to the 
maintenance of an overhead catenary system is the 
inspection of the contact wires and the transmission system, 
in order that possible failures may be forestalled, so that de- 
fects may be discovered and failures prevented. During such 
an inspection it is important alwavs to note the condition of 
the contact wire with reference to its position to the track, and 
at all times to keep the wire as near the center of the track as 
possible. 

Although on some other roads it has been found advisable to 
stagger the contact wire in order to get the maximum wear on 
pantagraph shoes, it will be secn from figures that are presented 
here, that it has not. been found necessary in the case of this 
system to stagger the contact wire to the advantage of panta- 
graph shoe wear. In noting the position of the contact wire 
with reference to the track it is essential alwavs to allow for the 
swaying movement of the locomotive or car carrying the panta- 
graph. This 1s especially important on curves, as trains run- 
ning at high speed on curves of any sharpness over one degree, 
will naturally swing the pantagraph towards the outside of the 
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curve, making it necessary to have the contact wire outside 
of the center line of the track, whereas, on tangents the wire 
is kept as nearly as possible directly over the center of the 
track. 

The line of the New York, Westchester & Boston Railway 
the catenary system of which is treated herein, consists of 
54.26 miles of contact wire and 181.29 miles of transmission 
lines, which include signal feeders and control line, or 109.17 
miles of transmission lines for traction power only. The 54.26 
miles of contact wire is suspended over 30 per cent curve track 
and 70 per cent tangent track, so that practically the only 
adjustment necessary is on 30 per cent of the road, as the tangent 
contact wire remains in relatively the same position through- 
out the year, while the curve contact wire needs slight adjust- 
ments from time to time. Included in the catenary system are 
six sectionalizing or anchor bridges and 77 high-tension oil 
circuit breakers, which are used for sectionalizing the high- 
tension power. Also, it is considered on this line that the 
signal transmission lines are included in the electrical distri- 
bution or catenary system. 


ORGANIZATION 


The organization for maintenance of the catenary and trans- 
mission system is known as the electrical department and in- 
cludes, not only the maintenance of the contact system, trans- 
mission system, signal transmission system, signal transformers 
and station lighting, and elevator transformers, station elevators 
and lighting systems, but also takes care of such construction 
work as may come up from time to time. The electrical de- 
partment is headed by the engineer of maintenance, to whom 
the general electrical foreman reports direct. The general 
electrical foreman has under him, one day foreman and one 
night foreman, five linemen and one assistant lineman. The 
day foreman, three linemen and assistant lineman cover the 
entire system, the majority of the time without special work 
train, and make repairs on practically all the apparatus as 
mentioned, except the contact system or parts of the trans- 
mission system, which cannot be taken out of service during the 
day. The night foreman and two linemen cover the entire 
line and use a work train in inspecting and repairing the con- 
tact system. The work train consists of one gasoline electric 
locomotive and work car. The gasoline locomotive contains 
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the working platform from which repairs are done to the con- 
tact system. Erected on the work car is a pantagraph collector, 
identical with those used on the regular coaches and locomotives. 
Also on the work car is an electric search light, which is used 
in inspection as well as when making repairs. 


INSPECTION METHODS 


During the day time, approximately once each month, the 
contact system is given a general inspection from the head end 


New York, Westchester & Boston Railway Company 
Daily Report of Time Worked 


FOR 


МАМЕ |, HOURS WORKED WORKED 
TEE 


[d 


Fic. 1 


LOCATION 


WORK 


OF 


of multiple-unit trains, and the pantagraph collector is watched 
during the entire run over the road and any defects or any wire 
off center are noted. 

At specified times each month the circuit breakers on the 
sectionalizing bridges are inspected and repairs made if neces- 
sary. Any defects or other matters of irregular appearance 
are immediately reported and the night gang is lined up to make 
the stated repairs or adjustments. 

The night crew also makes specified inspections on the line 
repairing where necessary, but generally the entire time of 
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the night crew, which is actually only about 43 to 5 hours, due 
to traffic conditions, is taken up with regular maintenance 
work, which has been previously lined up for it. 
The day crew reports its work on a regular form, as shown 
in Fig. 1, and the night crew also uses the same form, and in 
addition, turns in a work train report, as shown in Fig. 2, which 
includes the movement of the work train, as well as specifying š 
what work has been done and what the gencral condition of 
the line is in when the crew returns from the road. 


Pose о 


RESULTS OF [NSPECTION 
New York, Westchester & Boston Ry. Ca. 


As already stated, a con- 
stant inspection has rapidly | 
reduced the slight difficulties 
which arose from time to 
time after the road was first 
put into operation. 

For example: For the year 
ending December 1913, a 
total of 37 pantagraph col- 
lectors were broken, out of 
91,250 pantagraph trips made 
during the year. For the 
year ending December 1914, 
there were 19 pantagraph 
collectors broken out of 94,900 
pantagraph trips made during 
the year; and for the three 
months ending March 1915, 
four pantagraph collectors 
were broken out of 23,400 
pantagraph trips made during 
the three months; making 2,466 pantagraph trips, per one panta- 
graph failure in 1913; 4,994 pantagraph trips, per one panta- 
graph failure in 1914; and 5,850 pantagraph trips, per one 
pantagraph failure for the three months ending March 1915. 


Daily Report of Work Train 


Hp ICE | 
Motor №. _ BES Ее БЕЛЫ, ы 


Motorman __.___ _________________ 


Ne ef Menon Train. С. ` < 
No. ef Сез өп Train... _. 
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OPERATING EFFICIENCY 


In 1913 there were 27,927 car miles operated per one panta- 
graph failure, in 1914 there were 55,503 car miles operated per 
one pantagraph failure, and for the three months ending March 
1915, there were 64,799 car miles operated per one pantagraph 
failure. 
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The usual cause for broken pantagraphs is due to wire off 
center, low joints on running rails on curves, overhead frog on 
deflector out of adjustment and loose sleeves on contact wire. 

The following tables give the total delays caused by broken 
pantagraph collectors and power troubles, shown in compari- 
son with the train miles operated, with the typical causes given 
for the delays. 


Power trouble Pantagraph and contact 
Year Month Train miles wire trouble 
Delays Minutes Delays Minutes 
1913 | Jany. 73939.07 29 584 1 5 
қ Feby 68,323 .64 13 79 1 20 
ы March 74,206.19 1 6 0 0 
б April 71,684.33 38 243 1 15 
i May 74,103.24 25 382 1 5 
ч June 72,925.33 13 114 6 40 
ë July 75,033 .20 29 187 2 22 
2 August 74,674.88 14 101 1 5 
ki Sept. 72,223.94 9 92 1 10 
" October 74,644.30 9 62 1 7 
“ Моу. 72,160.28 15 242 0 0 
* Dec. 75,386.58 15 78 0 0 
879,304.98 210 2170 17 129 
Power trouble Pantagraph and contact 
Year Month Train miles wire trouble 
Delays Minutes Delays Minutes 
1914 | Jany. 75,330.00 16 227 4 25 
Е Feby. 67,088.08 20 398 1 5 
E March 74,634.69 2 0 0 
» April 71,044.61 1 0 0 
* May 74,160.23 8 1 7 
* June 72,312.00 8 4 51 
. July 75,387 .60 3 0 0 
ш August 74,406.68 19 0 0 
€ Sept. 72,241.02 0 0 0 
^ October 74,659.04 0 0 0 
s Nov. 72,216.96 9 2 12 
E Dec. 74,639 .48 11 3 17 
878,120.39 97 15 117 
1915 | Jany. 74,627 .36 0 0 
^ Feby. 07,388.36 0 1 2 
Ж March 74,654.61 0 0 0 


216,670.33 0 
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TypicaL CAUSES FoR DELays CAUSED Ву: 


Power Troubles Contact Wire and Pantagraph Trouble 


Лап. 2nd: 


Jan. 9th: 


February 


March 


May 


July 


— ee 


1913 


Power off three minutes, due to; Jan. 
undiscovered grounds 

| Jan. 

| 
Power off three contact lines, four! Jan. 
minutes, due to undiscovered, 
grounds | 

! Jan. 


| Feb. 


| Feb. 


10 : 


14 : 


March 5th: 


March 11 : 


March 15 


July 


July 


2nd: 


24th: 


25th: 


25th: 


29th: 


7th: 


13 


14 


25 


: Contact dead end broken by 


pantagraph 

Grounds due to broken panta- 
graph 

Short circuit of pantagraph 
insulator, due to foreign 
material 

Short circuit of pantagraph 
insulator, due to limb of 
tree. 


} messenger grounding against 
lower cord of highway bridge. 
Broken pantagraph on cross- 
over, on account of deflector. 
Broken pantagraph, due to 
train running past deadend 
in storage yard. 

Due to car in storage yard 
bridging current on line to 
ground, by raising two panta- 
graphs. 

Broken pantagraph, due to 
pantagraph sprocket chain 
breaking. 


Grounded insulator on con- 
tact wire. 

Short circuit on pantagraph 
insulator, due to fereign 
material. 

Broken pantagraph on curve. 
due to loose hangers. 
Pantagraph broken on cross 
over, due to deflector. 

Short circuit on pantagraph 
insulator, due to cat omg roof 
of car in storage yard. 


Broken sprocket chain on 
Pantagraph оп cross-over, 
due to deflector. 

Short circuit of pantagraph 
insulator, due to limb of 
tree. 

Broken sprocket chain on 
Pantagraph оп cross-over, 
due to deflector. 

Broken pantagraph on cross- 
over, due to deflector. 
Broken pantagraph on cross- 
over, due to deflector. 
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Power Troubles Contact Wire and Pantagraph Trouble 
1914 

Feb. 16 : Power off five contact lines, five| Feb. 17 Grounded line switch on car 
minutes, due to undiscovered| Feb. 18 Due to grounded transformer 
grounds. on car. 

March 1: Grounded feeders, due to pro-| March 20 Grounded contact wires, due 
tection screens being brokendown to ice connecting between con- 
by snow. tact wire and highway bridge. 

May May 2nd: Grounded insulator on 

contact wire. 

May 6th: Arc drawn by pantagraph 
grounding on messenger. 

May 18 Broken pantagraphs on two 
cars at cross-over, due to 
deflector. 

May 20 Due to arc drawn by panta- 
graph grounding on catenary 
bridge. 

May 27 Broken pantagraph, due to 

| pantagraph leaving wire on 
curve. 

May 28 Grounded pantagraph insu- 
lator due to branch of tree. 

August |Aug. 3rd: Broken pantagraph breaking 

insulator on curve. 

Aug. 23 Due to grounded pantarraph, 
caused by bird on roof of car. 

Aug. 29 Broken insulator on contact 

| wire. 
° 
1915 á 
February |Feb. 3rd: Due to arc drawn by panta 


graph, grounding messenger. 


Also, the graphical chart shown under Figs. 3, represents 
the total minutes delay, divided between power trouble and 
contact wire and pantagraph trouble. 


INSULATION 


All told, on the 54.26 miles of road, there are the following 


number of insulators: 

On the 11,000-volt lines, there are 2,557 pin insulators, 1,949 
safety strain insulators, 164 wood strain insulators, 2,004 cate- 
nary suspension insulators and 87 dead-end strain insulators; on 
the 2200 volt signal lines there are 1,368 pin insulators and 971 
safety strain insulators; making a total of 9,100 insulators. 

Out of the total number of 2,339 insulators carrying the signal 
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transmission lines there have been no insulator failures after 
approximately three years operation, and out of the 6,761 in- 
sulators carrying the 11,000-volt lines there have been the 
following failures: 

In 1913: One insulator failure on contact lines 
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Fic. 3B—ToTAL MINUTES DELAY DUE TO POWER TROUBLE, 1914 


In 1914: Seven insulator failures, six of which were on con- 
tact lines and one on the transmission line 

In 1915: There has been one insulator failure on the trans- 
mission lines. 

This makes approximately 100 per cent insulation in 1918, 
a little better than 99 per cent insulation in 1914 and approxi- 
mately 100 per cent so far in 1915. 
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WEAR 
The following table shows the mileage obtained by panta- 


graph shoes and it is to be noted also, that the actual wear on 
the contact wire from the rubbing effect of the shoe has amounted 


101—— | —— 


7 / 


JAN. FEB. MARCH APRIL ror Jone JULY AUG. “м OCT. NOV. DEC. 


Fic. 3c—TorAL MINUTES DELAY DUE TO PANTAGRAPH AND CONTACT 
WIRE TROUBLE, 1913 
! 


JAN FEB MARCH APRIL MAY JUNE JULY AUG SEPT. OCT. NOV. DEC. 


Fic. 3p—ToTAL MINUTES DELAY DUE TO PANTAGRAPH AND CONTACT 
WIRE TROUBLE, 1914 


to about š in flat surface on the under side of the grooved steel 
contact wire. This wear has been uniform over the entire 
line and there seems to be no indication of more wear on the low 
wire than on the high wire, and the wear on curves, also, is about 
the same, so that at the rate of wear as noted at the present 
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time, it should be not necessary to renew the steel trolley wire 
for six or seven years, at least, from the initial installation. 


Fanta- 
Year Month graphs Mileage 
broken 
1913 January 2 840 
қ February 5 1049 
« March 3 1046 
ы April 6 1109 
ж Мау 2 1320 
Ж June 6 1357 
ы July 5 1425 
“ August 6 1866 
4 September 0 2379 
M October 0 2667 
a November 1 1775 
ы December 1 1669 | 
37 
Panta- 
Year Month graphs Mileage 
broken ` 
1914 January 4 1330 
* February 1 1144 
е March 0 1053 
ы April 0 1333 
ш Мау 3 1470 
“ June 2 1885 
^ July 2 2098 
ч August 2 2127 
, September 1 2036 
к October 0 1541 
йы November 2 1224 
ы December 2 1145 
19 
1915 January 1 1210 
* February 1 1197 
6 March 2 1091 
4 


It is to be noted in the above table that the mileage obtained 
by pantagraph shoes decreases in the winter months and in- 
creases іп the summer months. This i$ due to the fact that it 
is necessary to raise the tension on the upward motion of the 
pantagraph in the cold weather, on account of the slight rais- 
ing in the contact wire, caused by contraction. 
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RULES AND REGULATIONS 


A book of rules has been issued for the instruction and guid- 
ance of employes in the electrical department, as well as the 
other departments. Particular importance is laid on rules of 
safety and it is made clear to all the men engaged in high ten- 
sion work, that great care must be taken to avoid coming in 
contact with any electrical equipment. The men are care- 
fully examined in all the rules, as well as to their knowledge 
of general high-tension work. The following are some of the 
rules which the men are required to obey under penalty of 
dismissal: 


All high-tension feeders, catenary wires, busses, oil switches and 
other high-tension apparatus, shall be considered alive at all times and 
shall be considered dead only when specified by the proper authority. 

Employes whose duties require them to work in the vicinity of or 
in direct connection with, апу high-tension apparatus, trolley wires, 
feeders or busses, are cautioned against the dangers involved and are 
forbidden to engage in such work unless duly authorized and properly 
protected. 

No attempt shall be made to work on any of the 11,000-volt system, 
namely, feeders, trolley wires, anchor bridge apparatus, bomb fuses, 
lightning transformers and high-tension telephone lines, while it is alive. 

If at any time there is doubt about the condition of any piece of 11,000 
volt apparatus, no work is to be attempted. In case of feeders 
or trolley wires, which are always to be considered alive, no work is to 
be attempted until they are properly ''grounded'" in the immediate 
vicinity of point where men are to work. 

A proper ground will be established by connecting, by means of a 
clamp, one end, of a piece of stranded copper cable, not less than No. 
0000 in size, to any iron work known to be connected to the running 
rails of the railroad and the other end connected to the feeder or trolley 
wire by a second clamp, this clamp to be operated by means of a pole 
at a distance of not less than six feet (6’) from below the feeder or trolley. 
The “ ground” end of the wire must be applied first while grounding 
a feeder or trolley, and removed last while clearing or removing ground 
from feeder or trolley. | 

No 11,000-volt switch will be operated except by means of dry wood 
poles provided for the purpose. Operator's hands must never be placed 
at a distance less than six feet from live end of pole. 

No work shall be attempted оп any 11,000-volt automatic circuit 
breaker or 11,000-volt transformers, without first disconnecting it from 
power supply, by means of disconnecting switches provided with the 
apparatus. | 

No work shall be attempted оп one or more transformers which are 
connected together for three phase operation without first disconnect- 
ing all transformers of the group from power supply by means of dis- 
connecting switches provided for the purpose. 
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No unauthorized person shall be allowed in the vicinity of unpro- 
tected apparatus or allowed to assist workmen engaged on 11,000-volt 
apparatus. 


Also, the following instructions are issued to all employees of 
the road, so that they may be properly guided and instructed 
with reference to the electrical equipment. 


All employes, except those who are properiv authorized, are forbidden 
to enter upon or climb any catenary bridge or pole, signal or anchor 
bridge. 

All emploves, except those who are properly authorized. are forbidden 
to go within six feet of any high-tension apparatus, feeders or busses. 

All employes of this Company, except those who are properly au- 
thorized, are forbidden to climb upon the roof or superstructure of any 
car, locomotive or other equipment. 


As the entire handling of the power on the line is done by 
one set of men, namely, the load despatchers, who have entire 
jurisdiction over the cutting in and cutting out of the various 
high-tension lines, a special set of instructions have been issued 
for this purpose. These instructions cover the method of 
opening and closing high-tension circuit breakers, etc. Por- 
tions of these instructions are shown below. 


INSTRUCTIONS TO LOAD DESPATCHERS 


If, for any reason, a track wire is desired cut out, Load Despatcher 
will first take up the matter with the Train Despatcher and get his 
O. K. by a written message transmitted by telephone before the track 
wire 1s cut, out, in order that there will be no power shut off while a 
train is in this section. 

If a ground occurs on the line, Load Despatcher will immediately 
get in touch with Train Despatcher advising him just what tracks are 
out, and if possible, in what particular section ground occurred. Train 
Despatcher will get in touch with all trains in this section and advise 
Load Despatcher if any train in the said section has caused ground. 
Load Despatcher, upon receiving information from Train Despatcher 
that he has no train in this section which reports ground, will throw 
power on line a second time. If power fails to hold on second trial, 
Load Despatcher will not throw power on again until definite informa- 
tion is received from some definite source, either through Train De- 
spatcher or representative of the Maintenance Department, that line 
is clear; this information must be sent in the form of a phonogram. 
If a ground occurs on any track or feeder causing circuit breaker to open, 
a period of at least five minutes must elapse before power is cut in, on 
said track or feeder, unless positive information is received as to the 
cause of interruption. 

Orders to Towermen, Anchor Bridge Operators and Signal Maintainers, 
instructing that circuit breakers or switches be opened or closed, must 
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be done by a written order stating specifically what this operation is to 
be. The men instructed to carry out the orders will reply when same 
is complete by written message. 

If any circuit breakers open automatically on a ground or for any 
other reason, the Towerman at the point where the circuit breaker has 
opened will inform the Load Despatcher which breaker opened. 

When any men are working on the line that has been cut out, power 


veau 179 


NEW YORK, WESTCHESTER & BOSTON RAILWAY CO. 


FAILURE REPORT CATENARY SYSTEM DATE i 191 


— -4 E uie 
' DESCRIPTION 


Fic. 4 


is not to be thrown back until the foreman in charge of the line gang 
has reported by written message to the Load Despatcher that his men 
are entirely clear and all grounds have been removed from the line and 
Train Despatcher notified. 

If at any time pantagraphs are broken on any of the trains and the 
trouble has not been ascertained, no train should Le run through this 


"7" New York, Westchester & Boston Ву. Co. 
POWER ORDERS 


Fic. 5 


section until the trouble has been ascertained, and it is found safe to 
run trains by the point where the pantagraph was broken. 


INSTRUCTIONS TO TOWERMEN IN OPERATING SWITCHBOARDS CON- 
TROLLING HIGH-TENSION POWER 
No circuit breakers or switches shall be closed without written orders 
from the Load Despatcher. | 
If any circuit breaker opens automatically оп a ground, overload 
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or for any other reason, he must immediately get in communication by 
telephone with Load Despatcher. and inform him in detail what has taken 
place. It is especially important to note when any circuit breaker opens 
it is not to be closed again without an order from Load Despatcher. 


MAINTENANCE RECORDS AND COSTS 


A record is kept of all the failures on the electrical system 
and is shown each day on a blank filled out by the load des- 
patcher and checked by the maintenance forces, and is shown 
in Fig. 4. 

Records are also kept of all lincs worked on by the electrical 
forces showing just what lines were taken out of service. This 
report is filled in on a blank, as shown in Fig. 5. 

The following table shows the various costs of maintenance of 
the overhead contact system, and for a matter of comparison 
the figures are shown for October 1912, shortly after the sys- 
tem was put into operation, and an average for the last six months 
ending December 1914. Included in the cost per unit is the 
cost of miscellaneous electric line expenses, which includes 
sectionalizing bridges, sectionalizing equipment, time of men 
while on emergency duty, work train, and in fact, all charges 
which cannot be placed actually against feeders and contact. 

For a matter of comparison, the cost of electrical mainte- 
nance is given per car mile for July 1914 and December 1914, 
as follows: ‹ 


Total Maintenance per car mile, July 1914...... $ .0156 
Total Maintenance per car mile, December 1914 $ .0142 


The above figures include supervision, transmission and con- 
tact system, miscellaneous clectric line expenses, work train, etc. 

It will be seen in reviewing the above paragraphs that the 
various difficulties, none of which were serious, and the costs 
involved in overcoming the same, have decreased as time 
progresses, and we would, therefore, assume that the inverted 
peak of the triangle has not as yet been reached. 


To be presented at the 324 Annual Convention of 
the American Institute of Electrical Engineers, 
Deer Park, Md., July 1. 1915. 


Copyright 1915. By A. I. E. E. 
(Subject to final revision for the Transactions.) 


TOP CONTACT UNPROTECTED CONDUCTOR RAIL FOR 
600 VOLT TRACTION SYSTEMS 


BY CHARLES H. JONES 


ABSTRACT OF PAPER 


The paper treats with the various factors which enter into 
consideration in the design of a 600 volt contact rail system. 

The weight of rail to be used depend upon conditions met 
with in each case, but in general, a heavy rail is preferable from 
all points of view. 

The question of quality is rather indeterminate, but in gen- 
eral, it is not advisable to use soft steel until the weight has 
been brought up to at least 80 lb. (36.28 kg.) per yard, how- 
ever, consideration should be given to it above this weight. 

Insulating and supporting is a mechanical problem which 
must be decided upon local conditions. 

The method of bonding and jointing to be used depends upon 
size and section of rail used. With A. S. C. E. standard, the 
foot bond is the most satisfactory, above this weight and with 
special sections of rail a copper welded joint will be very satis- 
factory. ! 

Provisions must be made to control the expansion and con- 
traction of rail by cutting it into sections and anchoring each of 
these sections. Various methods of connecting rails are des- 
cribed together with special devices which will be required. 

. The costs of constructing a single track mile of contact rail 
uisng 50 lb. (22.68 kg.) rail is $3,284.29 while the cost of the 
same amount of 80 Ib. (36.28 kg.) rail is $4,028.55. Тһе average 
maintenance cost per mile of rail, exclusive of entire renewal, 
is $80.00 per mile per year. 


ше PAPER will deal with the various factors which 

enter into the construction, operation and maintenance of 
a top contact, unprotected third rail located to one side and above 
the gage line of the track rail, on a heavy 600-volt direct-current 
traction system using a gravity type collecting device such as 
that shown in Fig. 1. 

The following elements enter into, and should be given con- 
sideration, in the laying out of such a system: Weight of rail; 
quality of rail; insulating and supporting; bonding and joint- 
ing; anchoring; special work required; method of connecting 
at crossings; cost of installation and maintenance. 

Weight of Rail. Rail weighing from 40 1b. (18.14 kg.) to 150 
Ib. (68.04 kg.) per yard has been used for this purpose. The 
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lighter weights of rail, 3 Ib. (18.14 kg.) to 50 Ib. (22.68 kg.) 
were used almost exclusively on the oldest installations of this 
type of contact system and have been in service about 20 years. 
This light weight rail is not as satisfactory as a heavy one, and 
in recent years has been practically abandoned for a heavier rail, 
except for yard purposes where it can still be used to good ad- 
vantage, since high conductivity is not required, and its life in 
this class of service will be very long. In some instances a 
T iron with its flat surface turned up has been used for contact 
rail in yards to good advantage. For main line purposes the 
lighter rail requires closer maintenance, since it lacks the neces- 


багу rigidity, its light weight will limit its life, while the installa- 


tion cost will almost equal that for a heavy rail. The later 
installations of contact rail systems have used rail varying from 
80 1b. (36.29 kg.) to 150 Ib. (68.04 kg.) per yard, the larger size 
being used on extremely heavy traction systems. The great 
advantage to be gained by the use of heavy rail lies in the fact 
that a large amount of conductivity can be installed for almost 
the same amount of labor charge as that required to install 
a lighter rail, serving as a contact member only, which will neces- 
sarily have to be backed up by a paralleling feeder system, thus 
entailing a large auxiliary charge for a feeder system, such as 
cost of pole or duct line, etc. If a paralleling feeder system is 
required, even with an extremely heavy rail, the greatest ad- 
vantage of heavy rail will be lost and a medium weight of rail, 
80 1b. (36.28 kg.) to 100 Ib. (45.35 kg.) will give more satisfactory 
results. 

The question of rail section is closely related to the matter 
of the weight of rail to be used and is dependent to a great extent 
upon the gage of contact rail. For weight of rail up to and іп- 
cluding 80 1b., А. S. C. E. section is a very satisfactory one to 
use providing conditions permit it. The distribution of metal is 
such that it can be easily supported, it 1s very rigid and is easily 
_ bonded and jointed. For a heavier rail it will be well to consider 
the advisability of using a special section which will throw more 
metal into the contact surface and thereby increase the life. 
The question of supporting this weight of rail 1$ not as serious 
as with a lighter rail which is more easily distorted. Onone 
system having 40-lb. (18.14 kg.) rail that was installed in 1897 
there is about two years of useful life remaining, on another hav- 
ing 48-lb. and 50-1Ь. rail which was installed in 1895 there is 
about six or seven years of useful life. Another line having 80- 
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lb. (36.28 kg.) rail which was installed twelve years ago shows a 
very small amount of wear up to date. These figures will give 
some idea of the life that can be expected. The length of rail 
may vary from 30 ft. (9.14 m.) to 60 ft. (18.28 m.) and should 
be determined somewhat by the weight. A light rail up to and 
including 80 Ib. (36.28 kg.) may be satisfactorily handled in 
60-ft. (18.28 m.) lengths, thus reducing the amount of bonding. 
For renewal or small repairs on this weight of rail 30-ft. 
(9.14 m.) lengths will be more easily handled and should be used 
although it will be necessary to sacrifice the gain in bonding. 
For rail above 80 lb. (36.28 kg.) in weight, 60-ft. (18.28 m.) 
lengths will be rather difficult to handle and better results can 
probably be obtained with 30-ft. (9.14 m.) lengths. 

Quality of Rail. The conductivity of the rail will vary in- 
versely with the percentage of carbon or manganese allowed 
to remain in the finished rail. The ordinary run of Bessemer 
rail will have a conductivity of about one-tenth that of copper, 
while a rail with a low percentage of carbon will have a conduc- 
tivity one-eighth that of copper or an increase of about 25 per cent 
in conductivity. The price will increase from 18 per cent to 20 per 
cent on this quality of rail. Increasing the conductivity will make 
the rail considerably softer, thus requiring more careful handling 
to prevent it from being kinked during installation. It is very 
difficult to remove any kinks that may get in it, therefore the 
alignment may be affected. There is no appreciable difference 
in the rate of wear between the low carbon and ordinary steel 
in the class of service referred to in this paper. Whether or 
not it is advisable to use soft steel for contact rail is a question 
that must be decided for each individual location and for which 
no hard and fast rule can be set down. If it is contemplated 
to use a rail weighing less than 80 Ib. (36.28 kg.) there is noth- 
ing to be gained, since increased conductivity can be gained by 
using a heavier weight of rail at a slight increase in cost and а 
greater increase in the advantage of a heavy rail. Above 80- 
lb. (36.28 kg.) rail the question requires careful consideration, 
since the gain in conductivity will cost almost as much as 
equivalent conductivity obtained by adding to the copper in 
the feeding system paralleling the rail. If by using the possible 
gain in conductivity with soft rail the expense of a pralleling 
feeder system can be eliminated, it will be worth while and 
should be done since it will eliminate the cost of providing a 
pole line or duct system for such feeders. On the other hand 
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there 1s a certain amount of intangible gain to be obtained 
by having a parallel feeding svstem, especially with the narrow 
working margin that is assumed when the diiference in con- 
ductivity or rail would decide the question of whether or not 
a paralleling feeder system would be required. 

Insulating and Supporting. The insulating of contact rail 
for a 600-volt system is more of a mechanical than an electrical 
problem and the type of insulator to be used depends upon local 
conditions, such as the clearance between bottom of contact 
rail and the ground, or whether on the surface or on an elevated 
structure. Impreegnated wood, porcelain, reconstructed granite 
and composition insulation. have been used with varying re- 
sults depending upon the local conditions. Wherever there 
is any vibration, porcelain and reconstructed granite or insula- 
tors having any castings bolted together have not been satis- 
factory. In general, an insulator should be so designed that it 
will have a large leakage surface, so as to prevent current leak- 
ing across and causing burning during wet weather. It should 
hold the rail from moving sidewavs, but should allow lateral 
motion during expansion and contraction, otherwise it would 
be tipped or broken with rail movement. It should have a 
large bearing surface with provision for fastening to the tie 
with heavy lag screws which will not rust out quicklv. Fig. 2, 
shows a type of impregnated wood insulator which has been 
satisfactory for various sizes of rail from 40 lb. (18.14 kg.) to 
80 lb. (36.28 kg.). The base casting is the same size for all 
weights of rail, and the length of block and size of top casting 
are varied for the different weights of rail. The spacing of in- 
sulators will vary somewhat with the weight of the rail, but in 
no case should this be more than 10 ft., since a certain amount 
of deflection will occur and cause the rail to wear in spots. With 
80-1Ъ. (36.28 kg.) rail on straight track, insulators placed about 
7 ft. (2.133 m.) apart on tangent track and 5 ft. (1.524 m.) on 
curved track give good results. The life of an insulator is from 
10 to 12 years under ordinary conditions, although on one 
system a great many impregnated wood insulators have lasted 
from 15 to 20 years. | i 

Bonding and Jointing. In order to provide for carrying cur- 
rent across joints in the rail it is necessary to provide a low 
resistance path, since a joint plate does not give good electrical 
contact. This is done by placing a copper bond or bonds of 
capacity equal to that of the solid rail around each joint. This 
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may be done in several ways, each of which have their respec- 
tive advantages and disadvantages. A concealed bond with 
either a pin or pressed terminal under the plate is well pro- 
tected, but cannot be readily inspected and if it does fail and 
start to burn in the terminal the hole is usually burned so 
badly that a new bond cannot be put in the same place, therefore 
requiring a different type of bond for replacement. A long 
bond with pressed or pin terminal applied outside of plate is 
easily inspected, but the cost is very great and mechanical 
protection is poor. A short bond which may be soldered or 
welded to the base or ball of the rail is cheap and easily in- 
spected, but is very difficult and expensive to renew in kind 
under traffic. On an installation now under construction a 
cast copper weld is being made at the joints, in the extremely 
heavy rail that is being used, which will serve the double pur- 
pose of both bond and joint plate. This would seem to be a 
very satisfactory method to use on a very heavy special section 
of rail which would be hard to bond and joint in a satisfactory 
method by any other means. On one system a copper plate 
with an iron protection plate was riveted to the base of the rail 
thus serving the purpose of both bond and joint plate, but this 
Is expensive to install and renew in kind. On standard rail 
section a very satisfactory method of bonding is to use a foot 
bond applied to the underside of the base of the rail with a 
hydraulic compressor, providing there are no mechanical in- 
terferences, such as wooden guard rails, lack of clearance to 
ground, etc. This bond is about as small as is possible to make 
a bond. It is easily applied, inspected, is well protected from 
mechanical injury and can always be replaced in kind. Bonds 
of greater capacity than 500,000 cir. mils should not be installed 
in any but the welded type, due to the difficulty in obtaining 
sufficient contact surface. If larger capacity is required it 
should be divided between two smaller bonds. 

For jointing the rail, both two- and four-bolt plates have 
been used and from the results obtained it is thought advisable 
to use a four-bolt plate for all sizes of rail, since it holds the 
rail more firmly, requires less inspection and eliminates the 
possibility of having the bolt pulled out of the end of plate as 
sometimes occurs with a two-bolt plate on account of heavy 
strain due to contraction of rail. It will also help out the bond- 
ing due to holding the joint stiffer and preventing slight motion 
of the bond which has a great deal to do with the breaking of 
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bonds. Where foot bonds are used it will usually be necessary 
to notch out the bottom of the plate to allow clearance for 
the expanded bond terminal. Keeping the joints tight will do 
more toward maintaining contact rail in good condition than 
any other maintenance operation. 

Anchoring. Due to changes of temperature the length of 
the rail will vary and to control the variation in length it is 
necessary to provide some means to force this expansion to take 
place along proper lines. This is done by cutting the rail up 
into lengths of from 1000 to 1200 ft. and anchoring it in the 
center of these stretches so that when it expands and contracts 
it will take effect in predetermined locations. The method of 
anchoring will depend on local conditions. On surface track 
that is not provided with a wooden guard rail the rail may be 
anchored by attaching several strain insulators of a substantial 
strength in multiple to an iron plate which in turn will be ex- 
tended over and be bolted to several ties, the other end of 
these insulators to be fastened to the base of the contact rail. 
If a wooden guard rail is used an anchor block consisting of 
a piece of 6-in. by 8-in. oak 2 ft. long impregnated with a wood 
preservative may be attached to this guard rail and the contact 
rail in turn is bolted to this block. If it is thought advisable, 
a set of porcelain insulators may be placed between this block 
and the guard rail. These openings between stretches of rail, 
commonly called expansion gaps, may be made in several ways. 
One of these is to use a plate with a slot in one end instead of 
a hole, using long bonds with a loop of slack in them to take 
care of the change in length. This is not very satisfactory 
on account of the ends of the rail wearing very rapidly at this 
joint, and pounding is soon caused by trolley collectors. An- 
other method is to cut and fit two adjacent ends of rail as shown 
in Fig. 3, connecting a long bond around the joint. This will 
give a good running surface and will take care of considerable 
expansion. The best method of providing the expansion gap 
is to end each run of rail with a suitable incline leaving a three 
foot space between each stretch of rail. In a good many cases, 
especially on surface track, it will not be necessary to have an 
opening in the contact rail, due to street crossings, special 
work at cross-overs, etc., which will take the place of this ex- 
pansion gap. Fig. 4, shows a good method of anchoring short 
lengths of rail, using a wood strain insulator. 
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Special Work Required. Several kinds of special devices are 
necessary to pick up collecting devices (otherwise called trolley 
shoes) from their free position to the elevation of, the contact 
rail. The most common of these is the end incline (Fig. 5). 
This is made from a piece of steel rail having the web cut out 
and the ball bent down to meet the base and a countersunk 
head rivet driven in the end to keep the two parts together. 
This incline should have an angle just sufficient to pick up a 
shoe without causing 1t to jump, and on the other hand the in- 
cline should not be any longer than necessary otherwise a heavy 
arc will be drawn at the trailing incline when a car leaves the end 
of the rail before it makes contact on the next stretch of rail. 
In some instances a very sharp angle incline has been used on 
the trailing end of a rail, but this is not satisfactory, since at 
any time it might be necessary to reverse traffic on a stretch of 
track and then the incline would be too short, causing shoes 
to jump, thus burning the rail or possibly breaking the shoe on 
the car. At cross-overs where it is necessary to open the main 
contact rail and not leave a space without contact rail, greater 
than the distance from center to center of car trucks, it is neces- 
sary to place a piece of short rail that is set on the opposite side 
of the track starting at a point just back of the heel of the switch 
and extending to a point opposite the continuation of the main 
rail, which is just beyond the track frog on the track in question 
so that a trolley shoe on a car going through the cross-over will 
not strike the main rail. This rail is called a lap rail and in 
general is less than 100 ft. in length. A good method of pro- 
viding inclines on this rail is to have the incline formed on the 
end of a full length of rail. Where a contact rail is normally 
placed on the outside of two adjacent tracks and a cross-over 
is located it is not necessary to have a lap rail, but some means 
must be provided for raising the trolley shoe of a car going through 
the cross-over up onto the approaching rail from the side. This 
may be done by one of two methods. One is to provide a side 
incline approach (Fig. 6), which is nothing more than a straight 
switchpoint with a standard end incline formed on the end. 
This device is attached to the side of a main contact rail with 
the thin end of the point opposite the switch point in the track. 
The angle of the approach varies with the angle of the cross- 
over. Another method is to put in a drop center rail (Fig. 7) 
in the main contact rails opposite the switch points. "The bot- 
tom of inclines to the drop should be opposite the point of switch 
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in track, the other end of the drop should be back far enough 
so that the trolley shoe on the car coming through the cross- 
over will not hit the side of the main rail. The amount of drop 
in rail should be sufficient so that a shoe hanging in its free 
position over the rail will not touch the rail in the drop. The 
drop rail method is the best, providing there is nothing to in- 
terfere with its use, such as lack of clearance between bottom 
of rail at drop and the ground, switch rods, etc. 

In laying out a storage yard with a number of tracks coming 
off of one or more lead tracks, the contact rail layout requires 
careful consideration otherwise it may ‘be found impossible to 
put in sufficient contact rail to provide for proper operation. 
It is desirable to have a continuous contact surface. This may 
be accomplished by using a side incline opposite each turn-out 
switchpoint, or if the yard track centers are not too close, a drop 
center rail may be used opposite each turn-out switchpoint. 
This requires that the distance from heel of switch to point 
of switch on adjacent track should be greater than the distance 
center to center of trolley shoesonacar. If the track centers will 
not allow this arrangement it may be possible to use a combina- 
tion of side incline and drop center, one of these being installed 
at every other switch point. If a ladder track is used in a yard 
with double slip switches turning out from each side of this 
track the contact rail problem becomes very complicated and 
practically impossible to carry out if the track centers are made 
too close. The critical distance is determined by the center to . 
center distance of trolley shoes on the cars. In one case of this 
kind with an old yard having 11-ft. track centers and a ladder 
track, it was necessary to take out every other slip switch and 
make its track a turn-out of the adjacent track in order to be 
able to put sufficient contact rail on the ladder track. Around 
special work it is often necessary to use a number of short pieces 
of rail. These should never be shorter than the distance center 
to center of the shoes on a car otherwise a car may stop in such 
a position that both shoes may be off the rail with a piece of rail 
between these shoes. This is called a straddle gap. - This will 
make the time between losing and restoring power on a car very 
short so that in many cases the automatic control apparatus 
does not have time to drop out and the equipment will receive 
a heavy jar. In making section or other open gaps out on the 
line this time element of the control apparatus on cars should 
be given consideration together with the speed of car at that 
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point so that the time elapsing between losing power and pick- 
ing it up again will allow the control equipment to drop out, 
thus protecting the car equipment. | 

Method of Connecting at Crossings. On surface track or ele- 
vated track on solid fill, where it is necessary for one reason or 
another to leave out a piece of contact rail, such as at an expan- 
sion gap, cross-over, etc., it becomes necessary to make the 
circuit continuous by using an underground cable installed in 
one of the two following methods. 

First, using clay or fiber duct or iron pipe, pulling the cable 
into this and terminating at each end with a cable terminal for 
protection against break down and enclosing the device with 
some kind of insulating and weather protecting casing. (Fig. 8). 

Second, using a steel taped or wire protected lead covered 
and rubber insulated cable, commonly called submarine cable, 
buried in the ground without using ducts and terminating it 
with a cable terminal similar to that described above. The 
connection between these cable terminals and the rail to be 
made with short cable jumpers having enough slack to take 
care of expansion and contraction of rail. This second method 
is considerably cheaper than the first and is very satisfactory 
where there is no possibility of having to dig up a paved street 
if trouble should occur in the cable. Around yards it is neces- 
sary to have many short cable connections between various 
rails and for this purpose the submarine cable works out very 
satisfactorily and it can be attached to the rail without the use 
of a cable terminal by making a short bend on the top and prop- 
erly taping and painting to prevent water from getting into 
the cable. This will require more careful maintenance than 
where cable terminals are used. | | 

Cost of Installation and Maintenance. Тһе cost of installation 
of contact rail will vary with the local conditions, such as weight 
of rail required, whether the work is to be done on surface, solid 
fill elevated track, or elevated track on steel structure. The 
amount of rail required will determine the price of rail to some 
extent and since this is the largest individual item entering into 
the cost of the installation, the cost of the job will depend on 
this and vary considerably. The working conditions, such as 
outlined above, will determine the cost of labor. The estimated 
costs given herewith are based on the assumption that over 500 
tons of rail will be required and the working conditions are the 
average that are met with on surface track. 
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Cost per mile of single track, using 80-lb. А. S. C. E. standard rail in 60-ft. length. 


5,280 ft. 80-lb.—60-ft. steel—70.4 tons............... (a $27.40 $1,928.96 
8 80-lb.—End іпсіпев....................... @ 4.75 38.00 

92 Pairs 4-bolt fish plates...................... @ 1.00 92.00 
704 Insulating сһаїгз........................... @ .75 528.00 
176 400,000-cir. mil. БҺопа5..................... @ .90 158.40 
2,112 аа, о Ba ee BRED @ .01 21.12 
4 ПЕР за ағалы нысы САУДА asas дн а, 5.00 20.00 
468 Bolts and lock хуавһетгв..................... (а, .03 11.04 
4 Connecting cables.......................... @ 40.00 160.00 
704 Sawed Ties (Additional Cost)............... @ .50 352.00 


LABOR: 
Transportation and delivering rail to job.......................... $ 35.00 
Drilling rail for bonds. yaya heer ERRARE AO E eS 52.80 
Sctting up rail and іпешайотв.................................... 96.50 
Installing bonds and ріагев...................................... 123.20 
Installing and connecting саБсв.................................. 25.00 
Incidental Labor рр Sada A GUI aoa Re RON AER UA 20 00 
$352.80 
Total labor and material........................ $3,662.32 
Engineering and supervision 10 рег cent.......... 366.23 
_ Grand total cost............... $4,028.55 
Cost per mile of single track using 50-1Ь. A. S. C. E. rail in 30-ft. lengths.” 
5,280 ft. 50-1b.—30-ft. Bessemer stccel— 44.0 tons....... @ $25.50 $1.126.40 
180 4-bolt splice Багв........................... (а, .75 135.00 
8 50 --1Ib.inclines......................... .... & 3.80 30.40 
704 Insulating chairs........................... @ .75 528.00 
364 4/0 BOUGS: Coss orat ce eee CREUSE G, .45 163.80 
2,112 се ити @ .01 21.12 
4 ЖПСПОГЕ лкы Sac ei ACA Odi os a o BO @ 5.00 20.00 
720 Bolts and lock washers..................... @ 203 21.60 
4 Connecting саМҺ1св.......................... а. 27.30 109.20 
704 Sawed ties (additional совб)................. G .50 352.00 


LABOR: 

Transporting and distributing гай................................ $ 30.00 
Drilling fail for DONS vous kar ужа ES К RS WEN CURE 88.00 
Setting up rail and insulators.................................... 96.80 
Installing bonds and plates........................ den di vau as te 218 40 
Installing and connecting саМе.................................. 25.00 
incidentals recni te ted pecu ыты ы Qe миъ Sq 20 .00 
$ 478.20 

Total labor and material........................ $2,985.72 

Engineering and supervision 10 per сепі.......... 298.57 


Grand total cost..................... $35,284.29 


The cost of maintaining contact rail will vary during the life 
of the installation from a very low figure during the first few 
years to a maximum during the rehabilitation period when the 
installation reaches a point where it must be practically re- 
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newed, or tics become rotted so that they will not hold the lag 
screws used to fasten down insulators. It will depend on the 
weight of rail used, condition of road bed and will also depend 
on the working conditions under which the necessary maintc- 
nance will have to be done. Where tt is necessary to have 
traffic diverted from a track in order to do such heavy mainte- 
nance as may require temporary openings or joints, etc., on a 
high speed road the cost will go up very fast since the labor 
required to do this may even exceed the actual maintenance 
labor. With rail of 80 lb. (82.28 kg.) or greater weight on a well 
ballasted roadbed the maintenance for five or six years will 
be practically nothing with the exception of periodic inspec- 
tion which should be made to catch any defects before they 
become serious, such as loosening up of the joint plates, re- 
placing a defective insulator, shifting of alignment and break- 
ing of bond. -After this length of time the amount of mainten- 
ance will begin to increase due to wearing out of inclines, rusting 
out of joint bolts, etc. At an average cost of $80.00 per mile 
per year the contact rail can be kept in first class condition 
and the insulation changed every 12 years, which is about the 
life under ordinary conditions. This, however, does not include 
complete renewal of rail, plates and bonds, such as will occur 
when the rail is completely worn out, but does include the usual 
maintenance of these items in order to keep them in good 
condition during the life of the rail. 

The costs of installation and maintenance as given in this 
paper are marked as estimates, but they are from the actual 
figures taken from the books of the operating company. In- 
asmuch as the work has been done under varying local con- 
ditions, the actual figures for various parts of the work have 
been revised so as to give the cost as it would be under the 
average conditions met with. 

The maintenance figure of $80 per mile is arrived at by 
this same method. The actual cost of maintenance on the road 
concerned has been in some doubt during the last two years 
on account of heavy rehabilitation, but the $80 per year is 
our experience of what is required for maintenance costs of the 
third rail contact system during the life of an installation. 
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THE CONTACT SYSTEM OF THE SOUTHERN PACIFIC 
COMPANY PORTLAND DIVISION 


BY PAUL LEBENBAUM 


ABSTRACT OF PAPER 


The paper describes in detail the overhead contact system 
of the electrified lines of the Southern Pacific Company, Port- 
land Division, which operates at a potential of 1550 volts. The 
design and materials of construction are given in considerable 
detail, and the cost per mile, of material and labor, are tabulated 
in very complete form. 


INTRODUCTORY 

HE ELECTRIFIBD lines of the Southern Pacific Com- 
pany,,Portland Division, extend from Portland to White- 
son, a distance via Forest Grove of 54.0 miles and via New- 
berg of 45.2 miles, with a line from Cook to Beaverton 7.4 
miles long, the map, Fig. 1, showing the extent of the present 
electrification and also the ultimate plan. All these had been 
operated by steam for many years. At Hillsboro, Forest 
Grove, and Newberg, detours from the main line permitting 
electric trains to pass through the center of these three more 
important towns were constructed; inclusive of detours, the 
total miles of main line single track is 104.0, with approxi- 

mately 16 miles of electrified second track and sidings. 
Except for three miles of 600-volt trolley in Portland, the : 
operating potential 1s 1550 volts. 


GENERAL 


Construction was actively undertaken in July 1912 and the 
lines put into operation in January 1914. "To account in some 
measure for the time taken to complete the contact system 
it may be said that labor troubles caused a shut-down of all 
work for two months in the Spring of 1913, and that delavs 
in the delivery of car bodies and equipment made it expedient 
not to push the construction towards the end. 

The electrification work was carried on during the operation 
of the road by steam, resulting in much “ lost time" due to 
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the distance between sidings and the lack of frequent tele- 
graph stations. 

In general, side bracket type of catenary construction, Fig. 
2, 15 employed, the poles being placed on the outer side of curves. 
High-tension transmission lines (13,200-volt) are carried on 
the same poles as the contact system between Oswego and 
Dundee and between Oswego and Forest Frove, via Beaverton, 
their total length being 47 miles. Іп order to maintain the trans- 
mission line on one side of the track, cross-span construction 1$ 
used where the poles come on the inside of curves. Figs. 2, 


Fic. 1— ELECTRIFICATION OF FIRST UNIT SOUTHERN PACIFIC LINES IN 
OREGON—UNDER AUSPICES OF PORTLAND, EUGENE AND EASTERN 
RAILWAY 


3, and 4 illustrate this type of joint construction, the latter 
figure being taken between Oswego and Cook, where the trans- 
mission lines parallel each other for a distance of four miles. 
The standard pole spacing on tangents is 150 feet. As seen 
from Table I, however, over 25 per cent of the main line mile- 
age is curved track, the portion between Sherwood and Spring- 
brook being exceedingly crooked; on this account, as well as 
on account of siding and cross-span construction, 5666 poles 
were used, or an average of 54 poles per mile. Construction 
was further made more difficult by the presence of 25,204 ft. 
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of trestle, of such height as to make support of the pole on the 
trestle a necessity. 


TABLE I. М 
Degree of curve Pole spacing | Total length of curves. 

0-2 150 ft 57.870 ft 
2-4 120 “ 37,695 * 
4-6 90 * 20,027 “ 
6-8 60 * 7,945 “ 
510 60 * 4412 = 
10-15 60 “ 8,568 “ 


139,517 ft. = 26.4 пи. | 


In the following, the costs due to the presence of a high- 
tension line on the poles supporting the contact system have 
been eliminated as not being relevant. 

Poles. All poles are nominal 9-inch top, cedar poles, pur- 
chased under specifications that required a top circumference 
between 271 inches and 32} inches, and subject to inspection 
at destination: it was found that, unless some limitations were 
placed on contractors, the term ''9-inch top” was very flexible. 

The standard pole:-length for catenary construction is 35 ft; 
for transmission and catenary. 40 ft; local conditions, such as 
crossing of telephone and telegraph lines by the transmission 
line, increased these lengths. | 

Table II indicates the items that are included in the cost 
of the pole at the hole. 


TABLE II. 

Length of pole, ft,................ 35 40 45 50 x 55 

Cost, f.o.b. company yard............ $4.20 $4.80 $5.40 $6.00 | $6.60 
Cost, handling іп and out............ 0.20 0.20 0.25 0.25 0.30 
Cost, framing and shaving........... 0.55 0.55 0.60 0.60 0.65 
Cost оҒ(геабіпр.....................|.. 1.25 1.25 1.25 1.25 1.25 
Cost of distributing................. 0.70 0.70 0.75 0.75 | 0.80 
Cost of pole at hole.................. $6.90 $7.50 $8.25 $8.85 $9.60 


All poles were given two thorough brush treatments with 
carbolineum avenarius, from a point 18 inches above the ground 
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to within three feet of the butt. The preservative was applied 
by means of burlap fastened to the ends of long mop handles 
and was kept hot bv steam coils placed on the bottom of the 
shallow tank over which the poles were rolled. Steam was 
furnished from a locomotive and approximately one gallon of 
preservative (including losses due to leakage from barrels and 
evaporation) was used per pole. Costs include labor, ($0.50), 
material, rental of locomotives and first cost of tank. Dis- 
tributing costs include work train and flat car rental. 

Contact System. The details of the materials used in the 
support of the contact svstem were developed by the Southern 
Pacific Company on its 1200-volt suburban system at Oak- 


ogee ee 


Fic. 5--ТҮРІСЛІ, CATENARY SPANS—INTERURBAN CONSTRUCTION 


land, Cal., some slight modifications being made to meet local 
conditions. 

Pole and line material is galvanized or sherardized, all bolts 
and nuts being given the latter treatment. The increased 
cost of galvanized material was deemed to be warranted on 
account of increased life and decreased up-keep in a region where 
rains, winter and summer, are of frequent occurrence. 

The messenger cable is 7/16-inch high-strength (crucible) 
steel strand, (15,000 lb. breaking strength), strung at a tension 
of approximately 2200 lb. at 70 deg. fahr., which gives sags 
and hanger lengths as shown in Fig. 5. The tension in the 
4/0 grooved copper trolley wire is 2000 lb. А construction 
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train was used to erect the messenger and trolley wires and 
to clip in the hangers. 

Under maximum loads (ice, sleet and wind), the tension in 
the messenger is calculated not to exceed the elastic limit, 
climatic conditions being such that the minimum temperature 
rarely falls below 20 deg. fahr. Ice and sleet are unusual. 

Hangers (Fig. 9) are installed at 15 ft. intervals; they afford 
a very flexible connection between the messenger and trolley, 
have a minimum number of parts and are used interchange- 
ably on tangents and curves. As first installed, the locknut 
was omitted. The threads on the rods, due to the. vibration 
of the line, began to strip, and the locknut was added to over- 


Fic. 7— TROLLEY WIRE STEADY— BRACKET CONSTRUCTION 


come this trouble, which it has done. The standard 150-ft. 
span weighs 1.152 lb. per foot. 

A mechanical clamp holds the messenger in the groove of 
the insulator, and prevents slipping in the event of line trouble. 
The contact system is further anchored every half-mile on tan- 
gents, as shown in Fig. 6, and against a curve at each end 
thereof, so as to take the strain out of the curve. Steady 
braces, Fig. 7, were installed every half mile, after the system 
was placed in operation, they being found a necessity; on 
curves, the pull-offs have a steadying effect. 

The line is sectionalized at all junction points, at substations, 
and where the voltage changes from 1550 to 600, a sectionaliz- 
ing insulator of the type shown in Fig. 8 being used. On ac- 
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count of the hard spot introduced in the line by this device, 
a section break, consisting of two parallel wires suitably in- 
sulated from each other, is being developed. 

Table III indicates the cost of a mile of tangent construction 
as illustrated and described in the foregoing. 


TABLE III. 
Tangent 
Ref. 
Units Cost 
Material. 

Poles—35ft.long......................... Table II 35 $ 147.00 
Bracket arms complete................... Fig. 2 35 197.00 
Steel strand-7/16 in. high strength......... 6500 ft. 149.00 
Line anchors............................ Fig. 6 2 70.00 
4/0 copper trolley wire................... 3400 lb. 180.00 
Hangërs 222 ti о ое Fig. 9 360 90.00 
Steady Draces..........,................. Fig. 7 2 4 5.00 
Miscellaneous material............... ee 25.00 
Feeder insulator and support.............. Fig. 2 35 37.00 

Per Mile; оронно $1500 .00 

Labor. 

Handling, treating, distmbuting............ Table II 35 95.00 
Digging holes........................... 35 60.00 
Setting complete with bracket............. 35 70.00 
Stringing messenger and trolley........... 55.00 
Installing hangers....................... 50.00 
Installing апсһогв....................... 2 20.00 
Lost time a/c iaying in at sidings.......... 75.00 
Adjusting and dressing line................ 50.00 
Work 1гаїп............................. 125.00 

Per mile ьа рио алә $600 .00 

Total per mile..................... $2100.00 


To the above must be added the usual percentages tor en- 
gineering, superintendence, and contingencies. 

Curves and sidings for the division under consideration, 
increased these costs about 20 per cent, so that the cost of the 
average mile of main line track (excluding the section between 
Sherwood and Springbrook, where excessive curvature greatly 
increased construction costs) was $2550.00. This figure makes 
no allowance for construction on trestles, which is deemed a 
very local condition, and is therefore not included. 

A large proportion of the holes were dug in earth and under 
fairly favorable conditions. Rain, and water in the holes, at 
times interfered with digging. 
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Men lived in outfit cars, rental of which is included in all 
labor costs; gasoline section cars or work trains were used to 
transport the crews to and from work, the average run being 
not more than three miles. 

Rates of pay on line construction were as follows: Foremen, 
$125.00 per month; linemen, $4.50, groundmen, $2.75 to $3.00, 
and common labor $2.25 to $2.50; all per day of 9 hours, one 
way on company time. Overtime was at the rate of 1} the 
standard time. Work trains, including locomotive and crew, 
are rented to the construction department at a rate of approxi- 
mately $40.00 per day. 

In analyzing costs of material, attention is called to the fact 
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that freight is an important item, especially on steel products, 
for Pacific Coast conditions. 

Feeder supports, but no feeder, are included in the above 
costs. This item will vary with substation spacing, line volt- 
age and traffic conditions. 

Curve Construction. Flexibility is extremely desirable in a 
contact system from which current is taken. by roller panta- 
graphs, on account of the inertia of the collector, and at no place 
in the line is this more evident than at curves. 

As first constructed, pull-offs of 5/16-inch steel strand (3800 
lb. breaking strength) were used between the backbone and the 
catenary system, and a maximum deviation on curves of six 
inches from center line of track was allowed. It was found 
that a pull-off of this size was too stiff, especially on the lighter 
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curves (ир to six degrees), and }-inch strand (2300 lb. breaking 
strength) is being substituted. Pull-offs were first installed on 
hangers adjacent to the brackets; but are now being installed 
in accordance with Fig. 10; this makes for increased flexibility. 

The bracket, Fig. 2, is used to insulate and carry the back- 
bone on light curves, Fig. 3 illustrating this type of curve con- 
struction. On heavier curves, the backbone is fastened to the 
back of the pole and the pull-offs are insulated from the back- 
bone in the manner shown in Fig. 11; this illustration further 
shows a type of simple trolley construction that has been found 
very suitable for pantagraph operation. 

Maintenance. The system was placed in operation on Jan. 
18, 1914. Three crews were at work on construction for several 
months following, when one crew was laid off. The second 
crew was laid off on October 1, 1914, the crews up to this time 
having been partly on maintenance and mostly on work charge- 
able to construction. The following figures on maintenance 
therefore apply only to the period from October 1, 1914, to 
March 31, 1915; the contact system being almost new. 


TABLE IV. 
Acct. No. Material Labor Total 

9 CATS: | ees Ded $33 00 $50 00 583.00 
20 РОС: 7.00 68.00 75.00 
22-1 Feeder............. 4.00 64 .00 68.00 
22-4 Trolley............ 23.00 428 00 451.00 
Total per Month......... $67 .00 $610.00 $677 .00 
Е өз ое $804 .00 $7320 . 00 $8124.00 

е * mile per year 
(104 тпі.)....... $7.73 $70.38 $78.11 


The maintenance crew consists of one foreman ($135.00 per 
month), three linemen, ($4.50 per day), and four groundmen 
($3.00 per day), and has its headquarters at Oswego. Each 
man gets one day off per week. 

In addition to maintaining the contact system, this crew 
handles all repairs to the 13,200-volt transmission line and 2.5 
miles of 60,000-volt transmission line, about 6 per cent labor 
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in addition to that shown in the above tabulation being charge- 
able to this item, (Acct. No. 49). : 

Gasoline section motor cars, equipped with towers, are used 
for maintenance, the crew, where possible, taking regular trains 
to get to and from work. Account No. 9 in Table IV, gives 
the cost of operating and maintaining the gasoline cars, of 
which five are in use; the men keeping their own cars in repairs 
to as great extent as possible. 

Because of the short period under operation, it is hardly 
possible to analyze the work done in maintaining the lines, 
say as between hangers, messenger, trolley, feeders or special 
devices, such as crossings, section insulators, steady braces, etc. 

As an indication of the use made of the contact system, 
the following figures are given: 


Average train miles per дау...................... 1460 
Average motor саг miles per дау.................. 3041 
Average trail car miles per аау................... 560 
Weight of motor саг, tons........................ 53 
Weight of trail car, tons......................... 35 
Schedule speed, mi. рег hr........................ 20 
Average running current per motor car............ 200 


Current Collectors. In closing, а few words may be of interest 
as regards the results being obtained with the current collectors, 
shown in Fig. 12. An improved system of lubrication, was 
devised by Mr. E. Sears, Supt. of Electrical Equipment; this, 
together with the substitution of roller bearings for the graphite 
bushings originally furnished, has made possible the following 
costs per 1000 motor car miles for the period Jan. 1, 1915 to 
April 14, 1915. 


TABLE V. 
Fer 1000 motor 
Total car miles. 
Lubrieatiomi ru p u yuq sawn ыс нақ oe БӘЛЕ qb ues $1.01 $0.0058 
Material repairing огоо Ebr ea ала 5 0%% 17.82 0.1022 
Labor repairing; id saos sd OX edepol e A C eee e 36.27 0.2080 
Laborinspectng: soe; ordo RO ou a RR Ges 15.09 0.0865 
Total: ceto yu er ee Se pet р uude $70.19 $0 . 4025 


“ Welsh” oil, at 14 cents per gallon, is used for lubrication. 
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Collectors are made of five-inch (outside diameter) steel 
tubing with 7/32-inch wall, and operate at a pressure against 
the wire of from 30 to 35 lb. А defective quality of tubing was 
originally furnished, the cost of replacing some of which is in- 
cluded in the above tabulation; this has resulted in keeping the 
average mileage per collector down to 9696. As soon as the 
defective tubing is weeded out, 16 is hoped to materially т- 
crease this mileage. 

The wear on the trolley wire to date has been inappreciable. 
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Discussion ON “ PROTECTIVE REACTORS FOR FEEDER CIR- 
CUITS OF LARGE City POWER SYSTEMS ” (LYMAN, PERRY 
AND ROSSMAN) AND “USE OF REACTANCE WITH Syn- 
CHRONOUS CONVERTERS," (YARDLEY) NEW YORK, OCTOBER 

. 9, 1015. (SEE PROCEEDINGS FOR NOVEMBER, 1915.) 

(Subject to final revision for the Transactions.) 

D. B. Rushmore: It is very difficult to consider the subject 
of reactors for power stations or feeders without studying the 
apparatus such as generators, transformers, oil switches, pro- 
tecting apparatus, etc. 

As a rule, electrical disturbances are due either to high currents, 
high voltages or high frequencies; and high frequencies have, as 
a rule, an indirect effect of producing high voltages, so we have 
simply high currents and high voltages to contend with. . 

The use of reactors as a protection against high voltages is 
well known, and I take it as rather outside of the subject of the 
papers tonight; so we come down to the use of reactors as pro- 
tective devices against high currents, and this is a subject 
which is comparatively new. | 

Those who have been associated with the building of trans- 
formers, know it is only a very few yearssince competition was 
based on excellencies of regulation. The transformers that 
regulated 14 per cent were supposed to be very much better 
than those which regulated 24 per cent. Now, however, the 
customer frequently specifies that the transformers must con- 
tain six or eight per cent reactance and even higher. 

In designing generators, transformers, and to some extent 
converters and other synchronous apparatus, if you design for 
commutation and heating there will be a natural reactance 
that will fit these conditions, and without an abnormal design 
you cannot vary these reactances beyond a certain point. 
It is therefore a question discussed in many cases as to how much 
internal and how much external reactance there shall be. 

The use of reactors in power stations also involves a study of 
feeder reactors, because one is so dependent upon the other. 
The injurious effect which these reactors are supposed to protect 
against are, first the incidental rush of current, which is destruc- 
tive to the windings and brings tremendous mechanical forces 
to bear thereon. Secondly, there is the heating effect, and 
it has been necessary to investigate to some extent the time which 
apparatus will stand very abnormal heating conditions when 
there is practically no chance for the dissipation of heat, but 
simply its absorption in the material in which it is originallv 
generated. 

Reactance is an evil; it is a necessary evilin some cases, but what 
we want is a reactance which is only there when it is required; 
so if someone will invent a reactance which is not a reactance 
until it is wanted, we will be greatly helped. That is, a reactance 
which is very low until the current exceeds a certain amount, 
and then is automatically raised fo a very high value. 
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Philip Torchio: We hear so much talk of reactance now, be- 
cause we neglected to take into account its importance in the 
past. For instance, very few of us used to consider when we 
compared the breaking capacity of a switch whether the short 
circuit. was on а 25-суфе generator, or а 60-сусІе generator. 
Provided it was the same capacity generator, we would have 
expected that the short circuit effect would be the same. But 
it makes a large difference in a feeder short circuit whether the 
current is 25-cvcle or 60-cvcle. At 60 cycles the reactance of 
the feeder would be 2.4 times that at 25-cvcles, and the effect 
of short circuit would therefore be much different in the two cases. 

I think the authors have covered pretty fully the benefits 
and advantaves obtained from the use of reactances on feeders. 
I wish to add a few statements which have been perhaps omitted. 
One is, that the energy loss in feeder reactors 1s extremely small, 
and amounts to less than 1/10 of one per cent on 60-cycle, and less 
than 2 of one per cent on 25-cycle transmitted power for a 34 
per cent reactance. 

In addition to limiting the current flowing into a feeder short 
circuit, the feeder reactance further increases the continuity of 
supply by preventing the generator bus voltage from materially 
dropping. As an example: Assume the 150,000-kv-a. bus with 
8 per cent generator reactance given in the paper, with 5000- 
kv-a. feeders having 3 per cent reactance. The maximum feeder 
short circuit. would cause only a momentary 9 per cent drop 
in the bus voltage. This is very essential in holding all of the 
synchronous apparatus in step on the system. 

In very large systems the question of limitation in rupturing 
capacity of oil switches is a burning question. In this respect 
a 2 per cent or 3 per cent limiting reactance on the feeders would 
ensure the opening of the feeder short circuit under all con- 
ditions, without the least strain on the switch, or interference 
with the rest of the service. 

The New York lighting companies found from their experience 
that some of the few serious generating station troubles were 
occasioned by failures of high-voltage motors driving auxiliary 
apparatus like station exciters, etc. 

Recognizing this fact, they were pioneers 1n the use of feeder 
reactors by equipping all of the feeders supplying generating 
station auxiliaries with reactors, which have proved to eliminate 
entirely all of the serious troubles from that source. 

Fig. 1 gives an illustration of such an installation showing three 
sets of 250-kw. 8000-volt motor-generator exciters, each equipped 
with 2.5-kv-a. reactors. 

The first station designed and equipped for busbar reactors 
and feeder reactors is the 201st Street station of The United 
Electric Light & Power Company, having an ultimate capacity 
of 130,000 kw., 8000 volts, three-phase, 60 cycles. Between 
each section of busses there age installed 18 per cent reactors 
(based on 30,000 kv-a.), and on each 4000 kv-a. feeder 32 per 
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cent reactors. The feeders are arranged in groups of two, each 
group being fed from a group switch. "There are only two reac- 
tance coils for each feeder. 

Fig. 2 shows one coil of one feeder in the front compartment, 
while the other coil is in the back compartment. In cach of 
these compartments and on top of the existing coil there is a 
vacant space for the addition of a second coil for the second feeder 
not yet installed. 

Fig. 3 shows a compartment with the double coil for the two 
feeders, both feeders of this group being already installed. 
On the right side are shown the terminals of the reactors through 
porcelain bushings. 

Fig. 4 shows perhaps more in detail the construction of the 
feeder reactors and illustrates also the method of winding of 
‚ the coil which, after being saturated and baked, is placed in the 
holder with porcelain supports at top and bottom and sides, 
and ebonized asbestos board panel enclosures, for safety to 
apparatus and men. | 

In this connection I wish to lay stress upon the point of using 
insulated windings for the reactors. Coils with bare windings 
do not appear to me to be in keeping with the scrupulous separa- 
tion by barriers and insulation of all high-tension conductors 
and wiring of a modern switchboard. Furthermore, I think 
that some insulation is necessary to protect the windings from 
foreign substances, vapors, accidental moisture and vermin. 
The difference 'im cost between bare windings and insulated 
windings is very trifling. The idea that bare windings can 
withstand higher temperature and therefore are safer is mislead- 
ing, because it overlooks the fact that the protective reactance 
coils is always in circuit with other apparatus, like generator 
or transformer windings, cables and current transformers, all 
of which are insulated with fibrous materials and have less 
facilities to radiate heat than the reactance coils, and would 
burn out long before the insulation on the reactance coil would 
suffer. 

From an extensive experience with insulated-winding reactors 
under most diversified conditions in this country and abroad 
there is not a single instance of failure. Furthermore, some of 
these reactors have operated for several seasons when covered 
with soot and dripping wet from rain and snow blown on them 
under conditions where a bare winding would have undoubtedly 
failed. 

H. W. Buck: This question of reactance is certainly very 
important in alternating-current circuits, but I do not think 
that we should allow ourselves to be led to believe that all al- 
ternating-current systems should have reactors installed upon 
them. Simplicity is an excellent engineering goal to steer for, 
and our alternating-current installations are already too com- 
plicated, and reactors still further increase it. The acute neces- 
sity for reactance has been brought to our attention within 
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recent vears through the development of such systems as that 
of the New York Edison Company and the Chicago Edison Com- 
pany and others, where an cnormous amount of power is con- 
centrated in one generating station with the power transmitted 
over circuits of small inherent reactance, with the consumers 
located’ at comparatively short distances from the sources of 
generated power. 

Here reactors are needed to improve the service and to pre- 
serve the integrity of the system against damage from abnormal 
magnetic forces. The enormous momentary flow of current 
in an alternating-current generator under short circuit, possibly 
ten or fifteen times what it 1$ at the end of a few seconds, causes 
magnetic effects which are irresistible with a number of репега- 
tors connected to the bus bars and with possibilities for destruc- 
tion in the stations which are very great. 

Many instances of such destruction from magnetic Е 
have been noted and some which I have seen are as follows: 

In one case a short circuit took place near a large power house. 
The busbars which were installed inside of a modern brick struc- 
ture were blown out by magnetic repulsion through the brick 
of the surrounding structure, the busbar structure itself was 
demolished, and the copper of the busbar was blown 40 ft. or 
50 ft. from its original location. 

In another case, about 24 one-million circular-mil single- 
conductor cables were racked on the wall of a run-way about 
15 ft. wide. A short circuit took place in a manhole near the 
power house, with the result that every cable in the run-way was 
torn from the cast iron racks on which they were supported and 
hurled across the run-way, damaging the masonry on the op- 
posite side. 

A third case resulted in a short circuit of a power house of 
about 60,000 kw. normal capacity. The feeders through which 
the short-circuit current flowed were of ordinary three-conductor, 
tvpe, lead covered. Under the magnetic stress prevailing 
several of the cables exploded, blowing the lead covering to 
pieces and demolishing sections of the eight-duct conduit in 
which they were installed. 

I mention these instances to show the possibilities of the 
enormous magnetic mechanical forces which are available 
momentarily under short circuits from the large power houses, 
and the necessity of limiting the maximum flow of current under 
conditions of short circuit by the installation of reactors. 

On long distance transmission systems where an overhead 
line intervenes between the generating station and the point 
where the power is used, reactance is not needed to prevent 
destruction at the receiving end, as the line itself necessarily 
has such high reactance that 11 automatically limits the flow 
of current at the terminus of the line to a safe maximum amount. 
Distribution systems, therefore, which are fed bv long-distance 
transmission need reactors onlv for the purpose, as stated in 
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the paper, of controlling the regulation and for limiting the 
voltage disturbances on the system. 

There is an important use of reactors on long-transmission 
trunk lines where a tap line is connected to the main trunk line, 
over which a comparatively small amount of power is supplied. 
Неге it may be necessary to limit the amount of current which 
can flow over the branch line and so prevent its being a menace 
to the service on the main line. By installing a 5 per cent or 
10 per cent reactor in the branch line, the service over the main 
line is not interrupted, and the effect of short circuit on the 
branch line is practically negligtble to the trunk line service. 

It is unquestionably desirable to install reactance coils on 
such large systems.as that of the New York Edison Company 
to prevent damage from magnetic forces where the service 
is through three-conductor underground cables of small inherent 
reactance, where the maximum flow of current is limited only 
by the ohmic resistance of the circuit. 

H. R. Summerhayes: Mr. Buck has just emphasized the 
necessity for simplicity in alternating-current systems. To 
my mind we should aim for simplicity in operation, and possibly 
we may accomplish that by the addition of apparatus in the form 
of reactors. 

In Mr. Yardley’s paper it was pointed out that on the Edison 
d-c. systems of the larger size, in which the whole network is 
connected in multiple, troubles are local, and they burn them- 
selves out and do not result in a shut-down of the whole, or 
even of a large portion of the system. In fact, it is seldom that 
even the synchronous converter is shut down from these short 
circuits. 

I believe the alternating current systems are tending toward 
the same result. At present most of the large alternating 
current systems are connected with radial feeders; that is, the 
feeders are not interconnected. Experience has shown that 
trouble will result if the feeders are interconnected, in order to 
use the copper to the best advantage. 

I believe that with the use of reactance in the proper localities, 
and the development of relays that has taken place, it will 
soon be possible to interconnect these systems and use the copper 
to better advantage; and that the operation will be similar to 
that of the direct current system, in that the trouble will be 
localized. 

One point brought out in the paper on feeder reactors, is 
that the busbar reactors must also be used, owing to the pos- 
sibility of trouble in the station itself. That I think is a very 
important point. 

There are other methods of using busbar reactors than simply 
connecting them between the sections, Some of the more ' 
recent ideas involve dividing large stations into one section for 
each generator. and not connecting those sections directly 
through reactors, but connecting cach section through reactors 
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.to a sort of tie bus. This I think is a considerable improvement 
over older svstems. 

Mr. Lyman concludes that it would be desirable for’ many 
reasons to operate feeders in parallel at their substation ends, 
but such operation tends to increase greatly the kv-a. flowing 
into a feeder short circuit and to cause other feeders besides 
the one affected to trip out when overload relays with the usual 
settings are used. I would suggest that this conclusion does not 
applv to all cases. The development in relays makes it possible 
to operate the switches selectively even where the kv-a. values 
at short circuit are verv high. There are some cases for in- 
stance, where it is sufficient to install reverse-power relavs at 
the substation ends of the feeders and selective overload relays 
at the generating station ends. In other cases different exped- 
icnts тау be necessary. Gencrally the addition of feeder reac- 
tors makes it easicr to make the operation of the relavs selective. 

Mr. Torchio invited discussion on the matter of insulation of 
reactors. Of course the great advantage of using insulation is 
that it makes the reactance compact, saving space in the station 
where space is of importance. Тһе dimensions are reduced, as 
you do not have to allow such great distances between conductors 
to prevent surface leakage. On the other hand, the insulation 
on the conductors introduces a comparatively large amount 
of inflammable material at a point where it is exposed to the 
greatest amount of heat; that is, it 1s right 1n contact with the 
conductor, and all the heat must go out through that insulation. 
In case of weakness at the time of short circuit when the voltage 
across the reactance is high, a puncture or local flash-over 
might cause a considerable fire. 

Therefore, I believe that insulation on the conductors should 
be avoided as a rule and used only where special conditions 
such as high working voltage, large number of turns or limited 
space for installation make a reactor with bare conductors 
impracticable. 

J. J. Frank: In Mr. Yardley’s paper reference is made to 
an automatic switch operating as a protective device. I ques- 
tion the ultimate value of such a mechanical device as an auto- 
matic protection in comparison with the value of the absolutely 
magnetic device found in these current-limiting reactors. 

The controlling feature in the design of current-limiting re- 
actors should be their function as a protection to generators, 
busbars, and feeder circuits. Every other feature in details 
of construction should be secondary to this dominating one. 
Both the mechanical and electrical designs тау be widely dif- 
ferent on reactors protecting generators and busbars, from 
those to protect high voltage circuits, as referred to bv Mr. Buck. 

N. W. Storer: Mr. Rushmore has propounded a conundrum. 
He believes thoroughly in a larger reactance to keep down the 
violence of short circuits, as most of us now do, but he wants 
reactance that 15 reactance only when it is needed. Тһе co- 
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nundrum then is, “ When is reactance not reactance?’ The 
answer is, “ When it is short circuited," and Mr. Yardlev's 
paper has shown us how to secure this kind of reactance. One 
of the most noteworthy points in his paper is his reference to 
the tests of a quick acting circuit breaker. I believe that the 
use of this circuit breaker to short circuit a large part of the 
external reactance in the circuit will give just the combination | 
that is desired.- A certain amount of reactance must be in the 
circuit all the time, but given à quick acting breaker such as 
described we can get all the benefit of a large reactance without 
its bad effects. 

George T. Hanchett: When extraneous reactance was first 
introduced as a protective device, it always appeared to me as 
a piece of patch work to cover up some of our previous mistakes. 
As Mr. Rushmorc says, early specifications call for regulation 
par excellence, and having obtained, at great expense, rigidly 
constant potentials, we begin to counteract these by installing 
at further expense protective reactance. 

We seem to have forgotten that 1t 1s very easy to build a 
transformer or generator so that it will lay down by using more 
open design larger clearances which facihtate insulation. and 
ventilation and reduce cost. In the case of feeders, particu- 
larly where it is desirable to interlock them, trouble flows from 
feeder to feeder through these interconnections which may well 
be reactors. 

I was visiting the plant of a large transformer company a 
few days ago and was impressed to observe the tendency to 
insert magnetic leakage plates in transformers. These facts 
should be seriously considered when contemplating large re- 
actances for the protection of large generators or transformers. 
With existing closely designed equipments, reactors are abso- 
lutely necessary. 

Carl J. Fechheimer: The statement has been frequently 
made that iron in reactance coils is undesirable as 1t saturates, 
such saturation occurring at just the wrong time unless a very 
large amount of iron is employed. The purpose of reactance 
coils is to prevent a prohibitively large current flowing; and if 
the value of reactance decreases as the currents increase in 
magnitude due to the iron saturating, it fails of its purpose. 
Therefore, I also believe that in transformers, to which refer- 
ence has been made, the same effect will come in. Similarly 
in the construction of generators we should not count on the 
effect of iron for increasing the reactance, trusting that thereby 
the great rush of current will be prevented. 

It 1s interesting to note that the magnitude of the current 
which flows at the first instant on short circuit does not de- 
pend only upon the voltage induced just before the short cir- 
cuit occurs and upon the total reactance in the circuit, but it 
is also affected somewhat by the point of the wave at the in- 
stant that the short circuit occurs. Therefore it 1s frequently 
a mistake to say that a certain percentage of reactance will 
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permit a definite current to flow on short circuit, unless one also 
considers the point of wave. This was brought up in a paper 
by Mr. A. B. Field read before this Institute.* 

The question of the point of wave as well as that of the sat- 
uration in the circuit brings up the question: What is the ef- 
fective internal reactance on short circuit? It is evidently a 
rather difficult matter to determine and it тау be well for us in 
the Institute to decide upon some method of estimating what 
value should be considered correct. There mav be other minor 
effects which influence this rush of current, such as leakage 
fields from other phases as well as the phase under considera- 
tion. It is my belief, however, that we can approach nearest 
to the correct value of effective reactance by measuring the 
reactance with the rotor removed; in the case of a star-con- 
nected stator between neutral and terminal, with delta con- 
nection with current in one leg onlv of the delta, and in the case 
of two-phase, across one of the phases. If, however, partly 
closed slots or equivalent thereof are employed, the effects of 
saturation cannot be neglected, and this makes it practically 
impossible to measure directly the reactance with this or other 
forms of construction which involve leakage paths that may 
saturate. 

I would like to call your attention to the marked tendency 
that is at present evidenced toward securing high internal re- 
actance, especially in large generators. Large reactance is 
usually obtained bv the usc of as large a number of turns in the 
stator as possible. This may be carried so far that the most 
economical design is not the one that is adopted. The most 
economical design would be that which would give the cheap- 
est machine insofar as the relative proportions of copper and 
iron are concerned. One often has the idea that the larger 
the number of turns (the smaller the flux) the cheaper will be 
the machine. This is not necessarily so. In these machines 
it may be necessary, in order to increase the reactance by in- 
creasing the number of turns, to increase the cost. It is at times 
essential to use very deep slots and to laminate the conductors 
very carefully in order to prevent large eddv current losses. 

Let us consider what аге the leakage fields in the generator 
which are effective as reactance, it being understood that the 
reactance is that quantity which if divided into the electro- 
motive force will give the current which will flow, the effect of 
resistance being negligible. These leakage fluxes аге those 
which cross the slots, those which pass from tooth to tooth through 
the air above the slot, and those which interlink with the stator 
end connections. Апу Ісакаре fields from the rotor are of little 
or no influence. The effect of the presence of the rotor 1$ in 
most generators of very small influence; апу fluxes which pass 
from the stator through the air gap into the face of the rotor 
and back into the stator usually must cross the double air gap 
which introduces very high reluctance. 


*TRANSACTIONS А. Г.Е. E. 1912, page 1645. 
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When a short circuit occurs on the alternator the tendency 
of the armature reaction is to wipe out the field. This tend- 
ency to cause the flux to die down induces in the field winding 
and in all other closed circuits in the rotor, electromotive forces 
which cause currents to flow, which in turn tend to prevent the 
dying down of the flux. In the case of the field circuit this 
current flows back through the exciter armature. There is 
therefore a tendency for substantially the same electromotive 
force to be generated in the stator conductors at the first instant 
after as before the short circuit occurs. The current that flows 
is that electromotive force divided by the reactance. 

One is liable to infer, since the reactance of a machine with 
a large air gap is usually less than that of a machine with a 
smaller air gap. that this difference is due to differences in leak- 
age fluxes which penetrate the rotor. We wish to point out 
that this conclusion is not correct. It is well known that the 
armature reaction of the machine is nearly proportional to the 
pole pitch and that the air gap is proportional to the armature 
reaction and hence to the pole pitch also. If the pole pitch is 
large, corresponding to a high-speed machine, the number of 
turns in the stator is also small, which means that the reactance 
is low. Hence low reactance generally accompanies large air 
gaps. 

Mr. Woodward: Is there any circuit breaker developed which 
will open a circuit in 0.01 of a second? The damage is done 
in the first one-half cycle, and the circuit breaker would have 
to operate in 0.01 of a second. We can cut off that portion of 
the relay curve which is not selective, and reactance is a big 
` factor in that way. 

Mr. Howard: I note on Fig. 11 of Mr. Yardley’s paper, 
that there is another circuit breaker in connection with that 
quick-acting circuit breaker. Does this quick-acting circuit 
breaker require one more, or 15 this merely a test condition? 

Philip Torchio: I will say a word in explanation of my re- 
commendation of insulating the windings of reactors. I do 
not have reference to any specific design in any way. Г said, 
take the reactors as you build now, but on the windings put 
on a light insulation. I am not recommending this to provide 
against the rises of potential; I assume that that has been taken 
care of in the design; my idea 1$ to bring up the point of having 
some covering as a protection against dust and foreign objects. 

I consider that essential, as in stations where we put in bus- 
bars and leads separated by brick compartments, we should 
not connect bare coils without separation between the wind- 
_ ings, or something to prevent accidental contact causing short 
circuit. 

Mr. Burnham: Several years ago I conducted a numberfof 
tests similar to those described in Mr. Yardley’s paper, to de- 
termine the use of reactance for protecting synchronous con- 
verters. The results of these tests seemed to point only to one 
solution, and that was the availability of the quick-acting cir- 
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cuit-breaker. The converter cannot be protected from flash- 
ing unless the first current rush is cut down. It does not make 
any difference what reactance vou use on the alternating cur- 
rent side, this will flash over if it is а dead short circuit. 

To obtain, the extreme condition, a converter was short- 
circuited immediately after being disconnected from the a-c. 
circuit. It took about twelve times full load current, and 
flashed over. The current slowed down immediately, so no 
damage was done. 

That shows the converter will flash over regardless of what 
vou do to the a-c. circuit. To prevent the current rising when 
the converter is short-circuited, reactance was tried, but it was 
found that a prohibitive value of reactance was necessary in 
order to keep the current down for a sufficient length of time 
for ordinary circuit breakers to act. To use an amount of re- 
actance that would be a reasonable size, and which could be 
used commercially, the circuit breakers would probably have 
to act three times as quick as anv we have now. 

It might be of interest to give some of the results of the tests 
with reactance in circuit. Sixty per cent reactance pave 21 
times full load current. Twenty-two and a half per cent re- 
actance which is probably the maximum commercial, gives 28 
times full load current. No reactance gave 33 times. With 
the machine running disconnected, at full speed, the normal 
feed, the short circuit current varied from seven to twelve 
times full-load current according to the winding. 

When the machine was connected with the field windings, 
the minimum current was obtained. This looks contradictory 
on its face, but the effect of the reactance of the series field was 
much greater than the compounding effect. 

The test with the non-inductive shunt equal to the resistance 
of the ficld, gave about twelve times full load current. As a 
plain shunt-wound machine, it gave eleven times. 

All of these values are above the flashing point as given by 
Mr. Yardley, as being four to six times full load current. 

In Мг. Yardlev's paper is the statement “It follows that if 
the alternating current is at all times approximately propor- 
tioned to the direct current.....” “The latter portions of the 
paper are based on this assumption. I do not find this to be 
true. Тһе direct current is always decidedly higher than the 
alternating current for the first period of the short-circuit. 

I think that is shown too on some of these curves. In the 
first set of curves, Figs. 2 and 3, it will be noted that the direct- 
current 1s perhaps 40 or 50 per cent higher for the first six or 
seven cycles than it is for the following time. 

It is also stated; “ there was no appreciable instantaneous 
d-c. generator effect." The curves I have just mentioned show 
there is an appreciable d-c. generator effect for the six or seven 
cycles. The 4-с. output is appreciably higher than the a-c. 
input. Тһе direct current is decidedly higher at the beginning 
of the short circuit. 
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Another statement made is that, “ with considerable series 
field and unsaturated reactance, a converter would continue 
to take on load owing to its approximate straight line rising volt- 
age characteristics.” An unsaturated reactance would give a 
greater tendency for it to bend downward, rather than to go 
in a straight linc. This is due to the increasing proportion of 
the energy current to the wattless current, which bends the 
converter voltage out of phase with the line voltage, and re- 
duces it in value. 

Another statement is, ‘‘ The drooping characteristics on over- 
load is obtained by employing a saturating iron core reactance.” 
I believe the reference is true, that you get greater drop if you 
use a reactance, that does not saturate. The smaller the re- 
actance the flatter the regulation curve. 

J. L. McK. Yardley: The first question was in regard to 
the possibility of building a quick acting circuit breaker which 
would operate in 0.01 seconds. If vou will refer to Figs. 16 to 19, 
you will note that the time is given and that this particular 
circuit breaker operated within 0.015 seconds. I believe it is 
only a matter of closer adjustment to reduce the time to less 
than 0.01 second. In fact, I understand later tests show such 
to be the case. This breaker of Messrs. Fortescue and Mahoney 
is really so unusual as to deserve a paper devoted entirely or 
primarily to itself. 

In regard to the second circuit breaker shown in Fig. 11 of the 
ordinary carbon break type of construction, it was desired to 
' secure a comparison between the results obtainable with the 
two types of circuit breakers. Figs. 12 to 15 should be compared 
with Figs. 16 to 19. For convenience, only, both breakers are 
shown in Fig. 11. | 

Мг. Burnham has described some tests made upon а synchron- 
ous converter with reactance in the a-c. circuit under the condi- 
tion of dead short circuit. Of course, as I have mentioned in 
my paper, a rotary converter will flash over under such a condi- 
tion. The figures given by Mr. Burnham for the circuit delivered 
at the instant of short circuit are interesting and agree with the 
results of other tests I know of. Fortunately, however, as 
brought out in the paper, the condition of dead short circuit is 
not met with on distributing systems of the class for which I 
have suggested the use of reactance in the a-c. circuit to the 
rotary converter as a protection. Obviously, the actual opera- 
ting conditions to be experienced on any system for which any 
sort of protection is desired must be carefully analyzed before a 
recommendation is made. In mv use of the term “at all times ” 
to which Mr. Burnham objects, I mean at all times which actually 
occur in practice on such a system as that under consideration. 
Perhaps mv use of such a broad term 15 unfortunate, but I have 
in mind strictly commercial conditions. Nowhere in my paper 
do I deny the existence of a d-c. generator action in a synchronous 
converter when it is short circuited. What I do claim is that 
this thing has been a,regular bugaboo in the minds of some 
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people, whereas їп the majority of practical cases of the class 
of the one I have analvzed it is negligible. In the practical 
case the reduction in resistance of the d-c. circuit is not either 
sudden enough or great enough for the rotating element of the 
machine to give up appreciable power, whereas reactance in the 
а-с. circuit 1s actually a protection against excessive power com- 
ing from the supply line at such a time. 

I don’t exactly understand Mr. Burnham’s objections to other 
parts of the paper. I believe it 1s common knowledge that the 
voltage regulation of a shunt-wound converter 1$ better if the 
reactance in this a-c. circuit saturates as the load increases, 
than if it does not saturate, and that the reverse is true іп the 
case of the compound-wound converter, the series field of which 
has not been too heavily shunted. 

Before finishing, I desire to call attention to what seems to me 
the most obvious conclusions to be derived from the tests I have 
described. I think they point to one particular combination of 
a resistor, a reactor and a quick acting circuit breaker which 
could be applied as a protection to both service and apparatus 
for the case of sudden excessive overloads equally well in any 
one of the thrce classes of synchronous converter installations. 
I refer to such a combination located in the d-c. circuit from the 
converter in which the resistor and quick acting circuit breaker 
are in parallel electrical relationship with one another and in 
series relationship with the reactor. By properly varying the 
amounts of resistance and reactance, and also the amount of 
electrostatic capacitv in the condenser operating the tripping 
device of the quick acting circuit breaker, апу predetermined 
sudden overload mav be protected against. I have already re- 
commended such equipment for one or two installations of con- 
verters where flashovers have occurred due to sudden excessive 
overloads or short circuits; but so far as I know this arrange- 
ment has, as vet, not been given a practical demonstration of its 
worth. It is apparent that the reactor in the d-c. circuit 1s no 
protection against an excessive overload gradually accumulated. 
It is further obvious that to be completely protected against ап 
excessive overload, gradually as well as suddenly attained, a 
reactor must also be placed in the a-c. supply circuit. A careful 
analysis of the operating conditions, I believe, will always show 
that any desired degree of protection тау be attained; but it 
will usually show that complete and absolute protection is not 
warranted or even desirable. It will show in many cases that 
the degree of partial protection suggested in mv paper for the 
different classes of synchronous converter installations is а 
matter of economy and well worth attaining. 

John B. Taylor (bv letter): Protective reactors have a 
voltage across terminals varying from zero at no load to ap- 
proximately 58 per cent of line voltage under short circuit condi- 
tions. This “ drop " in the coil disturbs the voltage regulation 
by a greater or lesser amount depending on the power factor of 
the load, and under the most favorable conditions is a detriment. 
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Accordingly, coils without iron cores are used so that the coil- 
drop under usual running conditions will not be an abnormally 
large part of the total drop when short circuit occurs. Iron is 
omitted for the well-known fact that its permeability falls off with 
increasing magnetic flux densitv,—in other words it becomes 
saturated. 

As there is no known material with magnetic characteristics 
reversed from those of iron, 1. e., increasing permeability with 
increasing density, the air-coil with straight line characteristics, 
through having uniform permeability, is preferred. It 15 possible, 
however, to arrange matters, using iron itself as core, so that the 
desirable reversed characteristics result. This is accomplished 
by having the iron core saturated independently of the alternat- 
ing current circuit which the coil is to limit. If the core is 
completely saturated no flux change will follow the alternating 
current unless this has sufficient number of ampere turns to 


Current-Limiting Coils 
(Transformers) 


overcome those above the saturation point in the auxiliary 
exciting circuit. 

The accompanying diagram will make the arrangement clear. 
For simplicity, single phase instead of three phase circuit is 
shown. ‘Two coils which are practically standard transformers 
are connected so that the direct current saturating circuit does 
not form a short-circuited secondary. These serve alternately 
to give the desired counter e.m.f. under overload or short cir- 
cuit conditions when the direct current ampere turns are over- 
balanced by the alternating current ampere turns. .The aux- 
iliary saturating equipment is obviously an added complication 
and expense but the arrangement effectively limits current on a 
short circuit to a definite relatively small value without excessive 
drop in the series coil under normal conditions. Furthermore 
the current on short circuit is readily controlled by varying the 
current in the saturating circuit.* If the saturation circuit is 
opened, the load circuit is practically opened also through reduc- 
tion of current to magnetizing current of the choking transformers. 

H. R. Summerhayes (by letter): Referring to the arrange- 
ment No. 4 of placing a large amount of permanent reactance in 


*See similar diagram and oscillograms in A. I. E. E. TRANs., Vol. XXVIII, 
pp. 729-731. 
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the a-c. circuit of shunt-wound synchronous converters in order 
to obtain a considerable drop in continuous voltage at overloads, 
tests of this arrangement are described, and oscillograph records, 
Figures 2 to 6 are submitted with the paper. 

To my mind these oscillograph records do not show that anv 
appreciable reduction of continuous voltage was cffected by the 
addition of the reactance in the a-c. circuit until such a long time 
has elapsed that the protection is ineffective. In oscillogram 
Fig. 3, when the load of about 11,000 ampcres 1s applied, this load 
increases from zero to 10,000 ampcres in a short time; practically 
instantancous as compared to the scale of the oscillograph, and 
the continuous voltage drops from 280 to about 175 1n the same 
short interval of time. 

The oscillograph in Fig. 4, which was taken at the same time 
as Fig. 3, shows that when the load 1s applied, the voltage across 
the collector rings of the svnchronous converter drops rather 
gradually; that is, several cvcles are required for this voltage to 
drop from about 310 to 220. It is apparent that this drop in 
the impressed voltage across the a-c. collector rings is due to the 
phase displacement shown in the diagrams Fig. 1; this phase 
displacement means that the armature of the synchronous con- 
verter actually drops back in space from the position of the re- 
volving flux and this mechanical displacement requires several 
cycles. This slow reduction in the voltage across the a-c. col- 
lector rings, which is evidently reduced by the phase displace- 
ment caused by the increase of current through the reactance, 
does not correspond to the sudden drop in continuous voltage at 
the time of the application of the load which is apparently due 
entirely to ГК drop in the armature and external circuit. 

During the period of several cycles in which the alternating 
voltage across the collector rings is being reduced from 300 to 
200, the continuous current and voltage remain practically con- 
stant. Infacta slight increase is shown 1n the current. 

It is evident if the d-c. load thrown on had been of a value 
sufficiently great to flash-over the converter, the converter would 
have flashed over irrespective of the reactance in the circuit 
since the original value of the d-c. load lasting about a tenth of a 
second, was not limited by the reactance. Опе effect of the 
rcactance appears to have been to increase the phase displace- 
ment and, in connection with the inertia of the armature, to 
start hunting. Itfurtherappears that the instantaneous value of 
d-c. load lasted long enough to trip a circuit breaker. The re- 
actance undoubtedlv reduces the continuous current after a 
period of several seconds, as from oscillograph Fig. 5, it appears 
that the final effect of the rcactance at the end of the period of 
hunting was to reduce the continuous current from the initial 
value of 10,200 to the final value of about 9000, but the action is 
too slow to protect the converter from flashing over or to prevent 
the circuit breaker from operating. 
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Discussion ON “THE СовомА PRODUCED BY CONTINUOUS CUR- 
RENTS,” (FARWELL) Мем York, NOVEMBER 13, 1914, 
(SEE PROCEEDINGS FOR NOVEMBER, 1914.) 

(Subject to final revision for the Transactions.) 

L. W. Chubb: The author makes certain apologies about the 
paper, saying it is more of technical interest than commercial 
value, compared with the alternating current corona. That 
may be so, but I believe there is a good deal of commercial value 
in the study of the direct potential in connection with electrical 
precipitation, and our fundamental study of the electron theory 
and effects of ionization. 

I think also the paper will stimulate a good deal of further 
work along this line just as the first few papers on corona stimu- 
lated a great number of papers in the alternating-current work. 
There is too much in the paper to grasp or remember from read- 
ing it over once, but I think it isa very good paper for our records. 
I cannot read it without thinking of the various explanations 
which there may be for all the different phenomena he finds, some 
new, some not entirely new, but they have a very important 
connection with the work that is going on. 

The bowing of the two wires in the same direction is a signifi- 
cant condition that has been brought out; and the concentration 
of the corona into beads or regularly spaced brushes on the 
negative seems, in a way, to correspond to the negative spots 
in the mercury arc or gas arc—the nature, of course, is different, 
but there is a similarity. The glow on the positive corresponds 
in a way to the luminosity around an anode that is being bom- 
barded bv the clectron. 

А. E. Kennelly: I ask Mr. Peek if he can throw any light on 
the movement of one of the wires mentioned on the last page 
where the vibration seems to be rotary as distinguished from 
being simply to and fro? 

P. M. Lincoln: Some vears ago Mr. Peek gave a formula for 
the loss due to corona, and that formula contained, as one of the 
factors, the frequency. I asked at the time why frequency should 
enter into a formula for the loss due to corona. It scemed to me 
that if it entered into this formula properly, then if we 
carried it down to zero frequency we would have 2его 
loss. This paper this evening does not seem to indicate 
we have zero loss at zero frequency. What is the proper 
relation between frequency and 10552 Perhaps Mr. Peek 
can answer that. 

Max von Recklinghausen: One of the phenomena 
mentioned in the paper of Mr. Farwell, reminds me of a 
phenomenon which appears in the mercury vapor arc, 
which has hardly been described, namely the appear- 
ance of luminous beads on the positive electrode. They 
are easiest to distinguish in the lamp shown in the 
sketch. We have four distinct luminosity phenomena in | 
such a lamp, namely, (1) the disintegrating point, at the negative 
pole, (2) the pink negative flame, (3) the luminous column, the 
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most typical light phenomenon in the mercury vapor lamp, 
and finally (4) the pink bead phenomenon near the positive. 
This latter can only be seen under certain conditions of tempera-: 
ture and vacuum, but just this phenomenon resembles vaguely 
the one described by Mr. Farwell. The number of beads will 
change rapidly with change of conditions. 

I want to sav one thing regarding the corona loss. I would 
like it to be quite clear in our mind that economically the same 
plavs a verv small part in a direct-current power transmission 
line. I mention this because I think it of importance that the 
smallest possible impediment should be thrown in the way of 
the development of high-tension direct-current power trans- 
mission. 

L. T. Robinson: When the papers on alternating-current 
corona were discussed June 27, 1913, p. 1810, the fact was brought 
out at the mecting that the glow started a long time before the 
discharge started, and that we had there a rather satisfactory 
means, apparently, for the measurement of the high potential. 
But here it appears that it is even better, that is, that this 
critical voltage appears to be a verv sharp point, and we have the 
commencement of the large flow on the galvanometer a long time 
before the glow sets in. I simplv call attention to the fact 
that there is a definite and sharply defined effect there which I 
think could be put to some useful purpose. 

Selby Haar: І think it will be of great interest if Mr. Farwell 
will give a detailed description of the generators which he uses 
for producing this high voltage, and also state whether they were 
designed under his supervision or by commercial manufacturers, 
and furthermore tell us why the particular sizes which were 
selected were chosen. 

F. W. Peek, Jr.: In selecting a conductor in transmission 
work it is of particular importance, from the corona standpoint, 
to be able to predict the voltage at which loss starts. In general 
the operating voltage should be at or below the fair wcather 
disruptive critical voltage. This paper tonight shows, as other 
papers have shown, that the starting voltage depends upon the 
maximum of the voltage wave. If the single-phase alternating 
critical voltage is 100 kv. effective for a sine wave, the continuous 
critical voltage is 141 kv. for the same conductor arrangement. 
The formula for the single-phase alternating effective voltage can 
thus be used for direct current; it is simplv necessary to multiply 
bv V2. Watson’s investigations also show this. It means that 
in practice about 40 per cent higher continuous voltages may 
be used than with single phase alternating current. Compared 
to three-phase alternating current, the difference is greater. 
(It is simplv necessarv to consider voltages to neutral. This 
point in its favor, however, will not cause direct current to 
supersede alternating current in high-voltage transmission. 

This one advantage for direct current is still greater in solid 
dielectrics, as cables. In air and oil there is very little loss 
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until a certain definite voltage is reached. In solid dielectrics, 
loss starts as soon as voltage is applied and increases арргохі- 
mately as the square of the applied voltage—the consequent 
heating reduces the strength of the insulation. There is thus a 
gain here for direct current. It is questionable, however, how 
far this may be made use of, as cables generally break down by 
abnormal or transient voltages, which take place in either 
alternating-current or direct-current circuits. One other advan- 
tage is the elimination of the large capacity current. 

In my 1912 paper, I gave the results of a stroboscopic study of 
alternating current corona; that is, the corona was viewed 
through an instrument in which one could see the corona due to 
the positive half of the wave or due to the negative half of the 
wave. Photographic records were shown. It is very interesting 
to note that the positive corona, as shown by direct-current 
tests, is the same as the corona due to the positive half of the 
alternating current wave; and vice versa, the same effects are 
observed for the corona оп the negative half of the wave. If that 
paper is referred to, it will be seen that when the wires are very 
smooth and the negative half of the wave is observed, the 
negative corona first appears as a reddish crown around the 
wires. Finally, after operating a short time, the corona separates 
into more or less evenly spaced beads along the wires. In some 
cases, instead of taking the bead form it takes a spiral form. 
The positive corona is a bluish color and fits the wire surface 
very closely. With points, just the opposite effect occurs. The 
positive corona extends away out into a brush, whereas at the 
negative. there appears a red hot point. This difference is evi- 
dently due to the greater stress or higher gradient at the point, 
where new sources of ionization occur, perhaps from the metal 
itself. 

Mr. Farwell shows that, except for very small wires—wires 
smaller than one-tenth of a millimeter—the alternating-current 
formulas may be applied for starting voltage, temperature, pres- 
sure, etc. 

Dr. Kennelly has noted the photograph of the wire rotating 
due to corona. The same effect is also obtained with alternating 
current. In fact, by referring to my 1912 paper, it will be seen 
that in one case the wire is made to rotate as a whole, while in 
another, a node is formed in the center. For this particular case 
it is also a frequency meter. It shows on one-half of the rotation 
negative corona and on the other half positive corona. It is 
thus rotating at the frequency of the applied voltage. 

A. E. Kennelly: Does the spiraling action you mention ac- 
count for it? 

F. W. Peek, Jr.: I do not know. I first observed the vibra- 
tion of wires due to corona several years prior to the 1912 paper. 
Two steel wires, each 500 feet long, were stretched between 
two transmission towers. The spacing was perhaps ten feet. 
These wires vibrated; one as a whole, and the other in three 
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parts or with two nodes. The period was very slow, about sixty 
a minute. "That vibration seemed to be back and forth, perhaps 
on account of the long span. It started when voltage in the 
neighborhood of 200 kv. was applied. The vibration was im- 
perceptible when the voltage was first applied, but the amplitude 
gradually increased until it seemed the wires would soon come 
together. 

Mr. Lincoln asks why, 1f there is a loss on direct current, the 
formula for the alternating-current loss indicates zero loss at 
Zcro frequencv, 
thus 


p= ај (e — е) (1) 


There is a loss in direct current. For the same maximum voltage 
the direct-current loss 1s perhaps in the order of one-fourth the 
corresponding loss at 60 cycles, but for the same eifective voltages 
the direct-current loss is very much less. Zero frequency and 
direct current are not necessarily identical. 

The greater part of the alternating current loss is а ‘ per 
cycle " loss. There is, however, a small constant loss. The 
more complete equation 1s 


p =а, (f + k) (e — eo)? (2) 


Where the frequency does not vary greatly from 60 evcles, (1) 
15 more convenient to use in practical work, (2) is used over 
greater range. This equation was published. more completely 
in my paper read before the Franklin Institute* about a vear ago, 
and it was also given in my discussion at the А. I. E. E. Coopers- 
town mecting. The complete formula can be found in the 
Journal of the Franklin Institute. 

I will speak briefly of another sort of corona. High-frequency 
corona, low-frequency corona, and direct-current corona have 
been discussed and are covered by the formula for alternating 
current corona. There 1s another sort of corona—the corona 
transients, of single impulses. It takes energy and, therefore, а 
very small but definite time to start a spark or corona. For con- 
tinuously applied alternating or direct-current voltages the time 
is, relatively, practically unlimited. When the time is limited, 
however, as in a transient of steep wave front, or a single impulse 
of short duration, much higher voltages are required to produce 
the same effects, or to spark the same distance than when 
the time is not limited. This applies not only to’ air, but 
also to oil and solid insulations. I have made such a studv 
and find, for instance, for a given shape of impulse reach- 


‹ 


ing its maximum in seconds, a certain needle gap 


] 
4 000,000 


*High voltage Enginecring, Franklin Institute, Dec. 1913. Discussion, 
Е. W. Peek, Jr; A. I. E. E. 


1914] DISCUSSION AT NEW YORK 1327 


in air requires approximately double the 60 cycle vol 
tage to spark over. For the same impulse reaching its 


maximum in second, the spark voltage is 25 per cent 


1 
400,000 
higher than the 60-cycle voltage. The time lag has in this way 
been accurately measured. For continuously applied alterna- 
ting or direct-current voltages the initial ionization, within reason- 
able limits, has no effect on the corona starting voltage. For 
single impulses the effect may sometimes be appreciable. 

S. P. Farwell: The generators used were at hand in the E. E. 
Department of the University of Illinois. They have been 
constructed without my supervision by the manufacturing 
company. I acknowledged in the paper the fact that F. W. 
Peek was the first to record beads along the negative wire in the 
alternating-current corona. As has been mentioned, the in- 
vestigation has opened a number of new questions and further 
experimental and theoretical researches are in progress 1n the 
University of Illinois. The theories so far advanced cannot 
account for the large variety of phenomena in the corona. 
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DISCUSSION ON “ EFFECT OF ALTITUDE ON THE SPARK-OVER 
VOLTAGES OF BUSHINGS, LEADS AND INSULATORS,” (PEEK) 
AND “ INSULATOR DEPRECIATION AND EFFECT ОМ OPERA- 
TION" (AUSTIN), NEW YORK, DECEMBER 11, 1914. (SEE 
PROCEEDINGS FOR DECEMBER, 1914.) 

(Subject to final rerision for the Transactions ) 

Harvey L. Curtis: For many years it has been known that 
there тау be considerable leakage over the surface of insulators. 
However, it is only within a comparatively short time that. 
quantitative measurements have been made. The present in- 
vestigation* was undertaken to determine the conditions under 
which leakage would become troublesome in the use of elec- 
trical instruments. It has been extended to cover a considera- 
able number of insulators; and for these the effects of temper- 
ature, humidity, voltage and exposure to light were studied. 

The samples of matenals were 
obtained, whenever possible, in 
plates 10 cm. square by 1 cm. 
thick. Metal strips 1 cm. wide 
were clamped to this with their 
adjacent edges 1 cm. apart, as 
shown in Fig. 1. Тһе resistance 
was measured between strips A and 
strips B. The surface resistivity 
is assumed to be twenty times 
the resistance measured. While 


this is not strictly true, since м ences ees aft 
there is leakage over the edges as glirian na oo LI. 
well as over the face of the speci- 

men, yet the correction is too Fic. 1 


small to take account of in the 

present work. To insure good contact, tinfoil was wrapped 
around the metal strips and carefully pressed against the surface 
of the insulator along the inside edge of each strip. 

To determine the effect of temperature and humidity it was 
necessary to place the samples in a case, the tempcrature and 
humidity of which could be maintained constant. The tem- 
perature was maintained constant bv a vapor pressure ther- 
mostat. Тһе humidity was regulated by placing in the case 
an open vessel containing a sulphuric acid solution of the proper 
strength to vive the desired humidity. The air was thoroughlv 
stirred by an eight inch fan, the driving motor being outside 
of the case. The leads to the specimens were brought out 
through blocks of paraffin on the top of the case. These were 
melted together, so that the case was sealed almost air-tight. 
A glass window permitted the reading of the temperature and 
humidity. 

The humidity was measured by determining the temperature 

*A paper, entitled, The Insulating Properties of Solid Dielectrics, has 
been published as Scientific Paper No. 234 of the Bureau of Standards. 
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at which dew would form on a polished mctal surface. The 
deposit of dew was usually obtained by circulating cold water 
through a metal tube, but for уегу low humidities it was found 
necessary to use alcohol in the tube and cool it by adding car- 
bon dioxide snow. 

In measuring the resistance, high accuracy was not required. 
An ассигасу of 10 per cent was considered sufficient. As a 
large number of samples were measured, and each sample 
measured several times, it was necessary to arrange the ap- 
paratus so that it could be worked rapidly. То do this a con- 
denser of suitable capacity was connected in parallel with a 
Sensitive galvanometer. The galvanometer, which had a wide 
range of shunts, was placed directly in the circuit with the 
battery and resistance to be measured. If the current was 
sufficient to produce a readable deflection, the galvanometer 
was used as an ammeter. If the current was so small that it 
could not be read on the galvanometer, the galvanometer only 
was taken out of circuit, and the current which flowed over 
the surface of the specimen, was collected on the condenser. 
After a known interval of time the galvanometer was again 
connected, so that the charge which had accumulated on the 
condenser was discharged through the galvanometer. From 
the time of leakage, the voltage of the batterv, and the соп- 
stant and deflection of the galvanometer, the resistance can 
be computed. 

The current which flows between two conductors, maintained 
at different potentials and insulated from each other by a solid 
material, is made up of two parts; that which flows through 
the insulator proper, and that which flows through a film of 
moisture or other conducting material on the surface of the 
insulator. The relative importance of these will depend on 
the resistance of the two paths. Since water, even if very pure, 
conducts much better than the ordinary solid insulators, a уегу 
thin film of water may have much less resistance than the 
insulator. 

Before discussing these further, some definitions are desirable. 
The volume resistivity, р, of a material is defined as the re- 
sistance between two opposite faces of a centimeter cube. From 
the relationship between the size and the resistance of a specimen 
it follows that 

_ pl _ RA 
R 7 970 7 
where R is the resistance of a cvlinder of cross section A and 
length /. By analogy we shall define the surface resistivity as 
the resistance between two opposite edges of a surface film 
which is one centimeter square. If the film is uniform over a 
surface 


R'b 
c= — 


l 
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where т is the surface resistivity and А’ the resistance of a 
rectangle of the film of length Z and breadth b. 

Since our measurements show that the surface film is largely 
moisture condensed from the surrounding atmosphere, the at- 
mospheric humidity will largely determine the surface resistivitv 
ofamaterial. However, it is to be expected that the temperature 
of the specimen will be of some influence. Also since chemical 
changes are often produced bv exposure to light, the surface 
resistivity of a material may be affected bv such an exposure. 

It might be expected that the applied. voltage would affect 
the surface resistance, but, though voltages from 2 to 200 were 
used in some cases, по change 1n resistance was observed. At 
high humidities the resistance frequently changed bv as much 
as a factor of 10 in the first minute after closing the kev—1n- 
creasing with some samples, decreasing with others. No cause 
for this behavior has been found. The value at the end of 
one minute has been taken as the correct value. 

The results of our experimental work show that, for prac- 
tical work in the laboratory, changes in surface leakage due to 
changes in temperature are of so little importance compared 
to the changes in resistance due to changes in relative humidity 
that they mav be neglected. It is not to be supposed that 
this will hold for temperatures considerably removed from those 
used in this investigation; viz. 20 to 30 deg. cent. 

In order to determine the effect of humidity upon the surface 
resistance, a number of samples were placed in the case whose 
temperature and humidity could be controlled. Measurements 
of the resistance were then made, but with an interval of at 
least one day after each change of humidity. After computing 
and tabulating the results, a curve was plotted for each sample 
showing its change of surface resistivity with the humidity. 
Nearly two hundred such curves have been plotted. From 
these, the curves given at the end of this discussion were sce- 
lected. 

Except in a few cases where 11 was desired to show the effect 
of cleaning, the samples were cleaned in the same manner and 
to the same extent as would be done in practical work; t.e., 
thev were wiped with a cloth or dusted with a brush. 

All of the curves of surface resistivity are plotted on the 
same scale, so that they can be readily compared. In order 
to make this possible, the logarithm of the surface resistivity 
is plotted as ordinate, so that the actual values of the surface 
resistivity progress by powers of 19. In this manner very large 
changes of resistance can be shown on one sheet. The abscissa 
is the per cent of relative humidity. 

Exposure to light may produce a chemical change at or near 
the surface. This chemical change may change the appear- 
ance of the material as well as the surface resistivity. How- 
ever, there docs not appear to be any connection between the 
two. Some samples, which show a very pronounced change 
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in appearance, show very little change in surface resistivity 
and the reverse is sometimes the case. As the chemical changes 
produced by sunlight take-place very slowly, the number of 
Specimens examined has been limited. The major portion of 
the work has been done upon hard rubber where the changes 
take place rather rapidly. 

In Fig. 2 is a curve showing the change іп surface resistance 
of a sample of hard rubber which was exposed to sunlight. 
In July 1908 the sample which had deteriorated was cleaned 
by washing in distilled water. This restored it to its original 
value, but the deterioration again proceeded rapidly. 

The deterioration of some other materials when exposed to 
sunlight has been studied. In general it may be said that in 
no case is the detcrioration as rapid as in the case of hard rubber. 
In some cases no effect has been observed. 

In conclusion it may be stated that the surface leakage of 


Ck 
[| IN 


the majority of materials varies greatly with the humidity of 
the surrounding air. This is due to the film of moisture which 
is condensed upon the surface. Any condition which, at a 
given humidity, will decrease the condensation of moisture or 
which will decrease the conductivity of the water will increase 
the surface resistance. 

In Fig. 3 are given curves of four samples of hard rubber. 
Two had been protected from the action of the hght, while two 
had been exposed to strong sunlight for several months. It 
will be noticed that between 0 and 50 per cent humidity the new 
rubber changes but little, while above that the changes are 
very pronounced. The surface resistivity is one million times 
as large at 50 per cent humidity as at 90 per cent. With the 
rubber which had been exposed to the light the changes in re- 
sistance continue until the lowest humidity is reached. The 
resistance of these specimens at very low humidity is 101! times 
or one hundred billion times as great as is the resistance at 
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95 per cent humidity. It will be seen that very slight changes 
of the humidity will affect the insulation in a very marked 
manner. | 
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Other samples of hard rubber have been tested, and those 
given may be taken as representative of the best grades of hard 
rubber. Of the two kinds whose curves are given, the imported 
rubber has a finer texture, and can be worked and polished 
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better than the American rubber. However, all the tests upon 
the insulation show that the American rubber is the better in- 
sulator. This shows how difficult it is to connect the insulating 
properties with the mechanical properties. 
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Three of the curves given in Fig. 4 are for amber and amber- 
like materials. The sample of amber was a piece of clear native 
amber, the surface of which had been carefully polished. This 
is one of the few cases where only a single sample was measured. 
The amberite was a sample of the material which is made by 
compressing scrap amber. This material under the name of 
amberite or ambroid is now extensively used and it is apparent 
that so far as surface leakage is concerned it is the equal of 
native amber. In working with this material it was found that 
the specimen must be well cleaned to get the best results. 
Apparently handling with the fingers leaves a deposit of vari- 
ous deliquescent salts which condense moisture and lower the 
conductivity at the higher humidities. The glyptol is an arti- 
ficial resin furnished by the research department of the General 
Electric Co. It resembles amber. 
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Three different samples of sulphur were tested. They showed 
wide variations. The curve which is given lay between ‘those 
of the other samples. Threlfall states that sulphur heated just 
. to its melting point and then cooled has better insulating prop- 
erties than that which has been heated to a higher temperature 
before cooling. The sample of celluloid was a piece of clear 
celluloid. Several samples were tested having various amounts 
of coloring matter and filler, but the surface resistivity was sub- 
stantially the same for all. Ivory can not be considered as a 
material having high insulating properties. A substitute, white 
galalith, is somewhat better. 

In Fig. 5 the behavior of fused quartz and certain kinds of 
ordinary glass is shown. Several samples of quartz were tested, 
but the two curves given were for the same sample. The 
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sample from which the curve marked ‘ fused quartz" was 
obtained was cleaned in the same manner as other samples, 
but no special care was taken. It was carefully cleaned in 
strong chromic acid, washed in distilled water, and dried before 
obtaining the curve marked “fused quartz, cleaned." The 
surface was thus well freed from foreign substances. At low 
humidities there was no difference in the two specimens. At 
higher humidities there is a large difference, amounting to as 
much as a factor of ten thousand. This may be due to the 
lack of condensation of moisture on the cleaned specimen or 
to the fact that the water which is condensed has a lower con- 
ductivity. Doubtless both of these causes play a part. 

The statement is sometimes made that the method of manu- 
facture of fused quartz very decidedly affects the insulating 
properties of the product. This has not been substantiated 
by the results obtained in the course of this investigation. 
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A piece of old quartz tubing made by Heracus in 1904 was 
measured at the same time and under the same conditions as 
the sample marked ‘‘ quartz, cleaned." The results were prac- 
tically identical. Another sample of inferior manufacture gave, 
under the same conditions, the same results as given by the 
curve marked “ fused quartz." 

The curves for three kinds of glass are given in Figs. 5 and 6. 
The Kavalier glass is а vc y hard combustion tubing having 
a large potassium and calcium content and a small amount of 
‘sodium. The German glass is a soft glass tubing such as is 
usually used in glass blowing. The plate glass was a piece 
from а plate-glass window. It will be noticed that the curves 
fall very sharply at about 30 per cent humidity, and that 
above 70 per cent humidity the change 1s not so marked. These 
samples were tested twice with the results as given. Later 
they were cleaned with chromic acid in the manner described 
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for quartz and the resistances measured a third time. While 
the results did not show such marked changes as in the case of 
quartz, they were all in the same direction. Also the effect was 
most pronounced on the hard Kavalier glass and least so on the 
plate glass. It is known that the Kavalier glass is less soluble* 
than the other forms. Hence iu is quite probable that the dif- 
ference may largely be due to the difference in the conductivity 
of the water solution on the surface. 

In Fig. 6 are also given curves for glazed and unglazed por- 
celain. Тһе glazed porcelain was the base of a small porce- 
lain switch, while the unglazed was a plate such as is used т 
chemical work. 

In Fig. 7 are grouped the curves of some of the poorer insula- 
tors, together with some curves showing the effect of impregnat- 
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ing them with paraffin. The slate was taken from the base 
of a switch and its origin is not known. The source of the 
marbles is stated on the curves. All were free from metallic 
veins, and were the equal of any that are used in switchboard 
construction. It appears that the coloring material’ in the 
Vermont and Tennessee marbles have very little effect on the 
surface leakage. 

The marble and the different varieties of wood were impreg- 
nated with paraffin by keeping them in molten paraffin until 
no more air bubbles were given off. After cooling, the wood 
was planed and the marble sandpapered so that the resistance 
was measured over a surface of wood or marble with praffin 
filling the pores and not over a layer of paraffin on the surface. 


*Hovestadt: Jena glass, p. 333. 
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The woods of more open grain such as mahogany and poplar 
show a somewhat: higher insulation than the closer grained 
maple. 

The paraffined marble shows the considerable increase in the 
insulation that may be obtained by impregnating with paraffin. 
The surface does not present as clear and pleasing appearance 
as before paraffining, and it accumulates dust more readily. 
The marked decrease of the resistance with increasing humidity 
is not readily explained. One would expect that it would be- 
have more like paraffin which shows little change. 

In Fig. 8 are given curves for various waxy materials. Ceresin 
is refined from the mineral ozokerite. It somewhat resembles 
paraffin, but has a higher melting point (69 deg). An attempt 
was made to measure the leakage resistance of a sample at 
several humidities by the galvanometer method using a distance 
of 1 mm. between the Heus It was impossible to obtain 
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a readable deflection, but it is certain the values are above 
those given in the curve. With the electrometer method the 
surface resistivity was still too high to measure, certainly above 
10:8 ohms. A special paraffin having a melting point of 58 deg. 
cent. also gave results too high to measure by any method at our 
disposal. A commercial form of paraffin known as parowax 
(melting point 52 deg.) gave the results shown in the curve. 
Measurements by the electrometer method gave a satisfactory 
check on these results. 

The curve for beeswax was obtained from a sample of the 
yellow, unrefined material. White beeswax gave results which 
are almost identical. For these materials the surface must be 
fresh. They deteriorate quite rapidly when exposed to light 
and moisture. 

The sample of tetrachlornaphthalene was furnished by Dr. 
Bakeland. It is doubtless a mixture of several isomers and may 
contain other chlorinated naphthalenes. It is about the con- 
sistency and color of yellow beeswax and has a very char- 
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acteristic odor. The samples of “ halowax”’ are chlorinated 
naphthalenes. The sample No. 1003 is largely tetrachlornaph- 
thalene. It is of a grav color, but in other respects has much 
the same properties, including odor, as the sample furnished 
by Dr. Bakeland. The sample 5055B 1$ a higher chlorinated 
naphthalene, being largely hexachlornaphthalene. 

The Khotinsky cement was flowed on a glass plate. The 
thickness was such that no appreciable part of the current flowed 
through the glass. 

These waxy materials show the least change with humidity 
of any of the substances tested. This is doubtless due to the 
fact that the water does not wet the surface, hence instead of 
spreading over the surface is collected in minute drops. 

D. В. Rushmore: Іп my opinion, the problem of insulator 
design must be solved by a scientific study of cement and a 
scientific study of porcelain; and by analyzing the elements, as 
we have in other problems, we will find out what is taking place, 
but the problem of measuring the causes of the trouble and know- 
ing just what the surges are, in knowing just what the electrical 
forces are, and also in knowing just what are the physical condi- 
tions of the resistance opposed to these forces, is very difficult. 
Probably there is no other field of engineering in which it is so 
hard to get at these quantities with exactness. 

I was very much impressed with the relation of porcelain 
design to the design of delicate steel castings, and it was evident 
in some of the insulators that have been shown on the screen 
that in casting these pieces of certain qualities of steel that the 
lines would have to be modified to prevent the undesirable forms 
of crystallization. 

There is one thing that is closely related to the study of insula- 
tor application, and that is the practical necessity, both from an 
engineering and a commercial standpoint, of determining quanti- 
tatively the value of a ground wire. That has not yet been done, 
hundreds of thousands of dollars are spent every year in installing 
ground wires, and nobody knows just how much value they are, 
and this cannot be determined by practical experience. It must 
be the result of the same kind of investigation that has solved 
the corona problem, and that, as Mr. Curtis has shown in the 
method he has worked out, must be bv understanding the prob- 
lem of surface leakage. 

E. D. Eby: These data are not only interesting, but vitally 
important. They affect the design and operation of all electrical 
apparatus, dependent upon air as an insulation. The “ law of 
corona ",was given to us some time ago, but the probable cor- 
responding law for spark-over has not been generally appreciated. 

Since the local corona point varies directly with the density, 
and the spark-over voltage approximately with the density, it 
appears that the same relative performance will occur at all 
densities. Therefore, an altitude rating is logical, safe and 
necessary. This was fcund desirable by the speaker about two 
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years avo in connection with transformer busings, and has been 
applied 1n his practise since that time. The altitudes to be con- 
sidered seldom exceed 10,000 ft. Several important installations 
exist at 4000 to 5000 ft.; a dividing line was set at 4000 ft., below 
which leads rated for 4000 ft. are supplied, and above which leads 
rated for 10,000 ft. are supplied. | 

In the cases of the leads which Mr. Peek has tested, the depart- 
ure of the correction factor from 6 amounts to as much as 15 per 
cent. of ó at 6 = 0.50. This would be worth considering, as it 
represents a fair margin between factory test voltage and spark- 
over. But, since 19,000 ft. is the maximum altitude reached, 
except in verv rare instances, the departure of the correction 
factor from 6 (6 or 7 per cent) at that altitude is not worth con- 
sidering, bevond treating it as an additional margin of safety. 

An interesting detail of the tests on suspension insulators is 
the wide departure of the correction factor from 6 in the case of 
one unit, amounting to 44 per cent at 6 = 0.50 in Table IV, 
compared with the close agreement in the case of two, three or 
four-unit strings. Perhaps Mr. Peck can add some explanations 
to these figures. 

In putting into practical application the information given in 
this paper, it must be remembered that these tests were made at 
60 cycles, and consequently are valuable chiefly in the degree in 
which they represent high-frequency performance. With the 
usual factors of safety in the design of leads, bushings and insula- 
tors, nominal frequency voltages would seldom, if ever, tax well 
designed apparatus to the spark-over point of maximum eleva- 
tion. It is, therefore, of primary importance that these data 
should apply to high frequency voltage. It 1s known that dif- 
ferent designs of leads and insulators perform differently under 
high-frequency. Whether such differences may be expected to 
affect the altitude factor, perhaps Mr. Peek can tell us. 

P. W. Sothman: Every time this very vital subject of insula- 
tion is touched upon, we are apt to have the feeling that we are 
getting further away from it, and I was afraid to-night that Mr. 
Austin might again change my mind in regard to certain concep- 
tions I have had, but in many points I agree absolutely with Mr. 
Austin, particularly that, from а mere investigating standpoint, 
we should learn how to build an insulator. We have tried to 
teach and preach for the last few years that the insulator is one 
of the most important elements in the whole system; that 1t 1s 
as important as the generator or lightning protection, ог a switch 
or anything else; still an insulator 1s chosen, because it will do a 
certain thing in a certain district, and it is assumed Шай will 
do the same thing 1n another district, but, as Mr. Peck has 
pointed out, what it will do in New York it will not do in Denver.: 

In that respect I was very much pleased to see that Mr. Peek 
found a way of expressing to us here tonight, that the actual, 
difference in altitude has an important effect on the insulator 
and I think that anybody who has gone through Mr. Peek's 


1914] DISCUSSION AT NEW YORK 1339 


paper will see, as short as the paper is, and although it has been 
condensed to a very great degree, that the data given in it mean 
an immense amount of labor, and these two papers coming to- 
gether this evening give us much light on the subject we are con- 
sidering. 

When we take the tests which have been made on insulators in 
the factory, and then consider the insulators which have failed 
out on the line, we see that we are absolutely unable to produce 
the same conditions, in our laboratory, no matter how we try, 
which agree with the conditions found in normal operation. 
We are trying to make high frequency tests. We test an insula- 
tor at 25,000 or 50,000 volts, and then we raise the voltage higher 
and higher, until the child is killed, so to speak and then we are 
satisfied. We think that the more power we can force through 
an insulator without apparent damage the better the insulator 
we get, but still we find in the case of insulators which will with- 
stand а test, let us say, of 200,000 volts, in the laboratory, when 
we take these same insulators and put them into actual service on 
a line which is carrying an operating voltage of, say 50,000 volts, 
thev will fail the next day, notwithstanding in our laboratory 
tests we considered them the best insulators that were ever made. 

Now, gentlemen, that shows it is not the insulator, as such, 
that we have to blame for this condition, but there are other 
elements to which we must look for an explanation of this trouble. 
Mainly it is the line. There are a number of elements involved, 
and the insulator is only one of them, important, yet small. If 
we should build all parts of the transmission line in the way they 
should be built, we would see that the present factor of safety of 
the insulator, which is a very high one at the present time, is 
better than some of the other elements which are used in the 
transmission line. | | 

There is one thing which is very gratifying to see, and that is 
that the porcelain manufacturers have actually made very great 
improvements in the quality of the porcelain which they pro- 
duce—I would not say the insulators—but in the manufacture 
of porcelain they have made very great progress. When we 
recall how insulators stood up five years ago under what was 
considered at that time a very severe test, and we see how they 
stand up today, we conclude that we have learned, at least how 
to make porcelain which will serve the purpose. It is very 
gratifying, but I would like these gentlemen to get a little busier 
still, and let them try to make stil! further improvements; and 
what strikes me forcibly is that we still find that the porcelain 
which is imported from Europe is in many respects ahead of our 
porcelain which is manufactured here. 

When three or four years ago we were talking about the per- 
centage of failures—which matter Mr. Austin has referred to in 
a very interesting manner in his tables—we found that the fail- 
ures were pretty close to forty-eight per cent, whereas today the 
same kind of failures amount to more nearly 6 or 7 per cent. I 
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think if the transmission line engineers, would cooperate with 
the porcelain manufacturers, and give them freely their observa- 
tions, that we could still make substantial improvement in these 
conditions. | 

That brings up another point, and that has to do with these 
specifications for the insulator, as such. We are on the eve of 
determining whether we shall, or shall not make specifications 
for the insulators, and in that connection I cannot urge you too 
strongly to be very careful, and I might even caution you to go 
very slowly, in adopting any rule in which so many phenomena 
are still involved, which phenomena are so little understood by 
so many of our practicing engineers. There is danger that we 
may put into a law on this subject a great many things which 
may be a great handicap to the future development of the insula- 
tor. 

Selby Haar: I ask Mr. Austin what is his opinion of the na- 
ture in which electrical and mechanical stresses in the strain 
insulator combine. Is it something like the different kinds of 
. mechanical stresses in material, or is it something entirely dif- 
ferent? 

The reason I ask this question 1s that I have heard :t denied 
in all seriousness that a strain insulator need necessarily consist 
of any more sections than an ordinary insulator. 

Charles P. Steinmetz: We must not lose sight of the fact that, 
after all, the line insulator today is really in a very good condi- 
tion. For many years the line insulator was the weakest link 
in our transmission system. It is not so today. It is rather 
one of the strongest links, as shown by great increase of break- 
down in all other parts of the system, which formerly were pro- 
tected by the line insulator failing, thus protecting the other 
apparatus, which is proper, because it 1s desirable that the line 
should be the last thing to break down. Breakdown in a station 
can be watched for, and can be located, but it is a more serious 
matter to have a breakdown out on a mountain peak, and then 
to have to hunt for it in the winter time, during snowstorms, etc. 

The problem, then, is really not so much to improve the line 
insulator—although naturally we expect improvement—as to 
make sure that the insulator as it exists on the line gives as good 
results as possible for first-class regulation and maintenance of 
the insulator protection; in other words, there should be proper 
testing of the line insulators, and weeding out defective ones. 
The strains on the insulator are partly electrical strains and 
partly mechanical strains and that means testing them both 
for electrical and mechanical strains. From the electrical point 
of view the problem is, after all, a simpler one, for, although elec- 
trical engineering 1s much younger than mechanical engineering, 
the method of testing and the various operations are somuch more 
accurate, that we can determine certain things with accuracy 
in matters electrical. Naturally, the condition of testing should 
be to test as nearly as possible under such conditions of electrical 
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stresses, сіс. as breakdown the insulators on the line. We all 
realize that the normal line voltage and normal line frequency 
practically never break down the insulator, but that it is caused 
by very high frequency or sudden impulse, or combinations of 
both; and investigation shows that very often a high frequency 
wave train is preceded by a single still higher impulse; thus, 
high frequency and impulse tests are needed. 

While high frequency testing has been recommended many 
times, it has one serious danger, namely, that most methods of 
producing high frequency oscillations involve the use of electrical 
resonance, which does not give a definite, but an indefinite, volt- 
age and constant current effect, and it 1s, therefore, only a question 
of the power back of it whether you will break down anything or 
not. Therefore, while high frequency is that method of testing 
most nearly representing actual operating conditions, it must be 
made by high frequency oscillating current generators which give 
a definite and determinable voltage, and by the use of 
resonance to raise the high frequency voltage to some unknown 
quantity, determined by the strength of the apparatus, in which 
case the tests mean nothing. I refer to this latter method be- 
cause it 1s the reason for most of the objection which has just 
been raised against promiscuous testing bv high frequency. 
The proper method involves high frequency produced at definite 
and measurable voltage. 

Not so favorable are the conditions for making the mechanical 
test. To some extent the mechanical quality can be determined 
by electrical testing. As has been pointed out in the papers 
a test for porosity of the porcelain can very often be determined 
bv resistance measurements. Experience has shown, that a 
more reliable method in picking out mechanical defects such as 
flaws, porosity, etc., since 1t does not depend on the effect of 
humidity,is the use of high frequency for testing. 

Unfortunately, there still remain the mechanical strains in the 
insulator, which may and do, as has been shown in Mr. Austin's 
paper, break down thc insulators either immediately or through 
rapid deterioration, which the electrical test does not alwavs 
show, and for which rcliable mechanical tests have not yet been 
devised. 

As you probably know, for some years great advantage has | 
been derived from use of the polarscope and polarized light to 
test for mechanical strains glass apparatus used for electrical 
purposes. Somctime possibly a similar method may be developed 
of using light in some form or radiation by which porcelain will 
be made transparent— X -гауѕ, or some similar process—and show 
by polarization the internal strains of the porcelain, but we do 
not have that at the present time. 

Assuming that we have reasonably safe methods of climinating 
defective insulators, there remains the depreciation to be taken 
care of, which is to some extent accomplished by a careful study 
of the design and performance of the insulator, the material 
of which it is made, and the method of its application. 
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The reliability of service given by the transmission line, ав 
you have scen from this paper, depends upon, and can very 
ereatly. be increased by an increase of the number of units, that 
is, an increase of the factor of safety. The increase of relia- 
bility is greatly out of proportion to the increased margin of 
safety, because it 1s not the effect of the margin, but the proba- 
bility law, which makes it much more improbable in the case of 
individual insulators that their strength will fall below the stress. 

The second method described of increasing the reliability is 
to reduce the surging. The third method 1$ to reduce the de- 
preciation. 

There is really a fourth method, which has not been referred 
to in the paper, and is 1n reality included in the last one, or 
reduction of depreciation, namely, weeding out insulators on the 
line which become defective. If there is a ten per cent depre- 
ciation in five years, by testing the insulators on the line once a 
усаг, three-quarters, say, of those which have deteriorated, can 
be weeded out and the average depreciation will be reduced to 
а small fraction of what it would have been, if all those insulators 
had been left in the line; this would, и. greatly increase 
the reliability of service. 

That brings us to one requirement which’ is very badly needed, 
and that is rcliable methods of testing the insulators on the line 
without taking them down; preferably, although it is not always 
essential, without taking the voltage off the line. Such methods 
would be principally valuable in high frequency tests, because 
while in the case of high frequency we deal with considerable 
power, we do not have to guard against leakage by moisture, as 
in resistance measurements, and it appears advisable to make 
systematic tests of the insulators on the transmission lines, just 
as such tests of underground cables, are made by testing the 
insulators, disk after disk, insulator after insulator, at fixed 
intervals, and thereby detect and weed out those which have 
deteriorated. This method would greatly increase the relia- 
bility of operation. 

E. E. F. Creighton: Mr. Peek has again added another ele- 
ment to his work on corona and Mr. Austin has not only described 
some valuable methods but has given us a new design of in- 
sulator. 

Among the sev eral things I skould like to bring up regarding 
Mr. Austin's paper 1s, first of all, the sanding of the surfaces 
of the insulator to give the cement a grip on them. There is a 
very difficult problem involved in preventing the breakage of 
the insulators by the cement. If this very simple method is a 
solution of this problem it will mean a great advance in the pro- 
duction of good insulators. 

Many tests on the chunky insulator in Mr. Austin’s illustra- 
tions show a considerable advance in the design of insulators. 
Even at high frequency the design is such as to overcome, to a 
very great extent, the creepage spark. The spark creeps down 
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over the upper surface of the porcelain, but has little tendency 
to follow the surfaces of the skirts, but jumps directly to the pin. 
This is an indication of better design in the insulator as it is less 
liable to fail. 

Before closing, I want to mention the Е values of the 
methods of testing, among them the megger, which was used, I 
think, first by Mr. Gaby, in Canada. The megger gives good 
results where moisture can enter in the crack that is produced. 
If the crack does not extend all the way through the porcelain 
the megger is useless. If the moisture is dried out, as it usually 
iS in pin type insulators, it is also uscless. I have made tests 
first with the megger and then with high frequency, which showed 
that the megger results agreed closcly with the high frequency 
-results when moisture in the fault was present. 

The direct-current test at high voltages which Mr. Austin 
mentions I have also used a number of times without any very 
great amount of success. We have gone at it with rectified 
currents at very high values of potential, but the trouble is that 
the air itself begins to leak and the current through the air is 
so great as to make the leakage through the insulator negligible. 
It is not the leakage over the surface of the porcelain because the 
same leakage takes place when the insulator is removed. This 
method of test is of valuc only in special studies. 

The third method, which I have had occasion to speak of 
several times, is the use of the high-frequency transformer. 
No matter if the fault is due to underfired porous porcelain, or 
whether there is a tiny flaw somewhere in it, the high frequency 
will bombard the air in the internal part and will develop these 
flaws. At the same time the high-frequency, properly applied, 
is quite harmless to good porcelain. In testing porcelains the 
flaws are weeded out during the first few minutes, or very often 
‚ in the first few seconds, and then the test can be carried on for 
fifty hours continuously without any more failures. 

Farley Osgood: Mr. Austin brought out the fact that, the 
value of the overhead ground wire should be considered in in- 
sulating the line, and he put that value in your minds only from 
the insulating and protecting standpoint. 

I wish to put into your minds the fact that the overhead ground 
wire has a very distinct value in assisting in the locating of ` 
defective insulators, and that in forming calculations on the 
construction cost of transmission lines, you should take that 
particular point into your calculations, and not consider the 
value of the overhead ground wire wholly from an insulating 
or protecting standpoint. 

Our experience leads us to believe that the overhead ground 
wire is worth more as an aid to the operation of the line than it 
is as a protective device, and by its use, with the proper test 
1. behind it, faulty insulators сап be located within а 
few ѕрапб, and sometimes ‘exactly, which fact is especially 
helpful for operating companies whose practise is to test out 
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lines with a view of locating faults and curing the same when 
the lines can be relieved from actual service. The cost of an 
overhead ground wire of stranded steel or copper-covered steel 
will, m most cases, be a little more than one of the phase wires 
of the transmission circuit, assuming the phase wire not to be in 
excess of 250,000 cir. mils. 

F. W. Peek, Jr.: I agree with Mr. Austin that most insulator 
failures occur due to small cracks in the porcelain caused by 
local mechanical stresses. These local stresses may be due to 
expansion of cement or metal parts, improper shaping of porce- 
lain parts, etc. The so-called deterioration of porcelain is due 
to the gradual formation of these cracks. Electrical failure ts fin- 
ally the result. The following test, to show the above, may be 
given as an example: Six insulators all of the same porcelain, but 
of different designs, were tested with 60-cycle, and with oscillatory 
voltages. Electrically they were excellent. These insulators 
were then placed in ice water for one hour. This water was heated 
at the rate of 1 deg. a minute to the boiling point; it was then 
slowly cooled at the rate of 1 deg. a minute to room temperature. 
Cracks appeared in four insulators due to mechanical stress. 
Electrical failure occurred immediately upon application of 
voltage to these four units. The other two were not affected. 
They were then given a more severe test. They were put in 
water, which was gradually heated to the boiling point, and were 
then immediately plunged into ice water. One failed, while 
the other remained intact. These two insulators were of the 
best mechanical design of the lot. 

Other causes of failure, due to design and manufacture, are 
caused by occasional impurities getting into the mixture, porous 
porcelain, effects of tool marks on difficult designs, etc. 

In selecting an insulator it is important: (1) to see that the 
mechanical design 1$ such that local mechanical stresses cannot 
result and gradually produce cracking; (2) to see that the clec- 
trical design is such that local electrical stress tending to pro- 
duce puncture will not result; (3) to see that the porcelain is 
not too porous and that the product is uniform. (1) and (2) are 
best determined by design tests, such as the one outlined here, 
and others which have been described in the A. T. E. E. PROCEED- 
INGS.* (3) 15 best determined by watching the product very 
closely in the process of manufacture. If the per cent loss in 
the routine test is large, or varies greatly, the product may be 
looked upon as suspicious and should be condemned until the 
cause of the failures is found. This per cent loss will not only 
be a check upon the quality of the porcelain but also, to some 
extent, upon design. For instance, if the design is so difficult 
that a large percentage of failures results in its manufacture, it 
should be condemned. I know of insulators that have been 
selected on a basis of per cent loss on one of the very high-voltage 
lines which have given practically no trouble. N 
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So far onlv troubles, due to design and manufacture have 
been discussed. Starting with a good insulator operating trouble 
due to their improper use may result. An insufficient number 
of units in the case of the suspension insulator, or an insufficient 
“ factor of safety” in the case of the pin type insulator may 
cause trouble. At each high over-voltage lightning impulse, 
or high over-voltage surge impulse, an insulator may be damaged 
by local cracks forming in the porcelain. А puncture is started 
but has not sufficient time to develop; failure will result only 
after a number of impulses. Most of such troubles occur on 
the low-voltage lines, that is, on lines operating between 20,000 
and 40,000 volts. What we know as the “ factor of safety”’ 
of insulators is based on operating voltages and not on light- 
ning voltage. It is thus not really a “factor of safety," as 
the lightning voltage is the voltage that causes failure. I have 
mentioned this in former discussions, but as.it is a very im- 
portant point I repeat it here. Lines operating at the voltages 
mentioned extend out into the same sort of country and are 
subjected to the same electrical stresses as the higher voltage 
lines; as the insulators are smaller, greater damage is done. 
In certain parts of the country there is practically no trouble, 
due to this cause, when the number of insulators in a string 
exceeds a given number. In an exceedingly severe lightning 
country this number is seven to eight units. It must be re- 
alized that troubles due to this cause can only be eliminated 
by making the “factor of safety" on the low-voltage lines 
relatively higher than on the high-voltage lines. 
© Regarding tests there is one point I should like to make. 
It is unfortunate that practically all voltages differing from 
60 cycles are termed ''high frequency" and practically all 
troubles are attributed to '' high frequency." An impulse, or 
an oscillation, or a wave of stecp front, or continuous high- 
frequency, etc., are all given under the same heading. Naturally 
their effects upon insulators are quite different and there is a 
great deal of confusion caused. To illustrate; The puncture 
voltage of an ordinary insulator may be 100 kv. at 60 cycles; 
at high frequency of 100,000 cycles from an Alexanderson al- 
ternator this insulator will breakdown at 5 kv. due purely 
to heating; an oscillatory voltage such as has been referred to 
in one of the discussions this evening will cause puncture at 
about 120 kv.; a single impulse, depending upon its wave front 
and duration, will cause failure at anything from 100 kv. to 
1000 kv. or more. This readily shows how variably these ef- 
fects are, yet all are said to be caused by “high frequency." The 
chief criticism of all such tests so far advocated is that they are 
absolutely indefinite. ‘‘ High frequency oscillation" testing 
is not a solution of the insulator problem; it is merely a means 
of testing, sometimes convenient, or sometimes useful as a 
supplement to the 60 cycle test.* 
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I have recently made some tests using single inpulses of a 
known wave front, length of tail, etc. Impulses with durations 
measured in microseconds or millionths of seconds have been 
used. Insulators will stand very high voltages when the dura- 
tion is short. However, if the voltage is high enough some 
damage is done to the material. Perhaps a minute crack is 
formed; the effect is cumulative, and complete puncture re- 
sults after a sufficient number of impulses have been applied. 
Such conditions actually occur on transmission lines. 

E. D. Eby (by letter): In his paper on Insulator Deprecia- 
tion, Mr. Austin points out that mechanical and chemical 
causes are chiefly responsible for insulator trouble which de- 
velops in service. Unequal temperatures in the dielectric, ex- 
pansion of the cement by weathering or crystallization, and 
expansion of metal fittings, are mentioned as the chief causes. 
The paper and the discussion at the meeting dealt altogether 
with line insulation. I should like to ask whether in his ex- 
perience Mr. Austin has encountered similar trouble with wall 
bushings,.roof bushings or transformer bushings. It would 
appear that any of the causes for depreciation given might 
contribute to trouble with such apparatus as well as with line 
insulators. On the other hand, the construction of entrance 
and transformer bushings, particularly of filled types, is usually 


such that electrical weaknesses тау not necessarily follow me- 


chanical damage from cracks, etc. It would be interesting and 
instructive to learn the experience of manufacturing and operat- 
ing companies along this line. 

Edward J. Cheney (bv letter): Insulator reliability becomes 
increasingly important as transmission distances increase and 
service requirements become more exacting. Such researches 
as that of Mr. Austin are, therefore, of the greatest interest and 
importance. 

In one instance a large metropolitan community was abso- 
lutely dependent upon a certain transmission line. It was 
particularly annoying to all concerned to have the insulators 
on this line begin to fail with disconcerting frequency after 
they had given fairly good operation for several years and in 
spite of the fact that the lightning protection had been in- 
creased in the meantime. The remedy adopted represented 
the best which could be done at that time but is suggestive of 
brute force rather than science. It consisted in putting on new 
insulators having a high-potential test double that of the orig- 
inal ones. The results have been good so far but, in the light 
of the information Mr. Austin has given us, it will now be 
possible to examine such problems more intelligently and we 
can be much more confident that the remedy will be perma- 
nently effective. 

H. H. Sticht (by letter): No doubt, the microscope is des- 
tined to be an important factor in the study of the insulator, 
just as it was in the study of iron and steel. Dr. Creighton and 
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Dr. Steinmetz mentioned the various methods for testing in- 
sulators, laying particular stress on the high-frequency and 
high-voltage tests. There is no doubt but that they are the 
most reliable tests that can be made in the test room, but how 
are they to be applied on the transmission line? If the line is 
one that is built through a level country they might be used. 
The transformers, with accessories such as a gas engine, and 
generator, could be mounted on a wagon and driven from tower 
to tower. But this can be done on very few of our transmission 
lines. It seems to me that in mountainous or undeveloped 
country, the megger-method is the only one that can be used. 
I will grant that the method has its limitations, but so have 
the other methods. Mr. Sothman called attention to the fact 
that you can make a high-tension test on an insulator, place 
it on the line, and in a day or so it will break down under opera- 
ting voltage. Mr. Peek has called our attention to some in- 
teresting information regarding the effect of high-tension im- 
pulses. Have we any guarantee that a high potential test, 
at several times the operating voltage, does not produce а | 
similar result on a small scale? The comparatively low volt- 
age of the megger (1000 to 2000 volts) certainly cannot have 
any such bad effects. I believe that some of the bad reports 
about the megger have been caused by engineers trying to use 
it to detect faulty insulators of the ‘‘ pin type.” However, 
one can readily see that it cannot be used for this class of in- 
sulators owing to the fact that a large enough surface cannot 
be obtained to which to connect the megger. 

H. H. Schneider (by letter): In connection with the dis- 
cussion of Mr. A. O. Austin’s paper on Insulator Depreciation, 
attention was drawn to the partially defective insulator work- 
ing in the transmission line. As the elimination of this insula- 
tor is of considerable importance, a few words on this subject 
might be of interest. 

Consider any transmission line with its thousands or tens of 
thousands of insulators. The continual pounding of the elements 
external stresses, and line surges, slowly but surely weaken the 
line insulators. Therefore, at any reasonable time after in- 
stallation, we have in the line, insulators in every state; from 
the one as good as the day it was installed to the one on the verge 
of breaking down. Those in the latter class are of immediate 
concern, for although capable of withstanding normal potential, 
break down, when a surge or any abnormal condition arises. 
Of course, immediate replacing of the destroyed insulator is 
necessary when the break-down causes a short circuit. Inter- 
ruption to service, or the loss of a feeder for an indefinite period 
results. Consequently, to make the transmission line as clear 
as is practically possible, it is incumbent upon us to syste- 
matically weed out insulators of this description by either periodic 
test or inspection. 

I note that in attempting to weed out these partially defec- 
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tive insulators by means of applying overpotentials to the 
insulation of the line, it frequently happens that only one or 
two breakdowns occur upon each application. This requires 
the locating and the replacing of the defective insulators before 
the test can be further carried on. Where 15 to 25 bad insulators 
may be discovered in the course of a test of this nature, a 
great number of tests are necessary, with the result that the 
test drags over a considerable period. In order to expedite 
the test by the rapid replacing of the insulators located by test, 
men are generally posted along the transmission line right-of- 
way. Of course, a large number of men are required. Not 
only is this method of test far from satisfactory when a con- 
siderable number of defective insulators are on the line, but 
the expense connected therewith 1s also a heavy item. Further, 
where other live feeders are on the same pole as the feeder 
under test, the possibility that the arc will flash over to these 
lines when an insulator breaks down 1s ever present. 

During the course of the discussion several gentlemen ге- 
ferred to the location of partially defective insulators by tests 
of a different nature. Mr. F. Osgood, I believe, called partic- 
ular attention to their location through the medium of the 
ground wire. It would be of interest to have these gentlemen 
explain somewhat farther in this direction. 

А verv effective and comparatively inexpensive method of 
reasonably clearing a line of these insulators is by the following 
method of inspection. Оп a rainy night while the line is work- 
ing under normal potential, the line should be patrolled. Parti- 
allv defective insulators are readily detected by means of the 
arcing displayed. Close examination of the insulator can be 
made by means of high powered field glasses, but this is only 
necessary in rare cases where the period between the arcing 
is of considerable duration, thereby indicating that the insu- 
lator has but a slight defect or that arcing might possibly be 
due solely to the heavy precipitation. However, it is generally 
safe to treat this type of insulator as a defective insulator, for 
the combination of the heat produced by the arc and the rapid 
cooling of the insulator by the rain is gradually destroying it. 

No matter how long the line, if a sufficient number of men 
are provided. practically all defective msulators can be noted in 
a single night. The number of times an inspection of this 
nature should be made depends entirely upon the locality and 
ave of the line. However, three to four times a year is generally 
ample. Of course, no immediate change of insulators is made 
while the inspection is in progress, but all defective ones are noted 
and are replaced the next dav. 

R. P. Jackson (bv letter): It becomes at once apparent that 
the whole indictment against porcelain is a secondary result of 
the fact that for mechanical reasons, porcelain can be used 
only so as to avoid subjecting it to tension. This is the reason 
for the use of thin sections backed up by metal in such a way 
as to keep the porcelain in compression or shear. The ordinary 
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disk suspension insulator is a good cxample. It is molded 
into a shape to fit into a hcad or cap of metal with a metal pin 
іп а re-entrant recess enclosed both by the porcelain and the 
metal cap. 

This necessarily puts the porcelain under severe electrical 
stress to begin with. Further, unless the cementing is perfect 
and the coefficients of expansion just right, there are liable to 
be severe mechanical strains. All efforts to reduce the elec- 
trical stress by: increasing the porcelain filled space between 
the metal parts tends to weaken the mechanical structure of 
the unit by putting the porcelain under tension or bending 
moment. 

Why not go the whole distance, however, and put the porce- 
lain under direct tension in adequate section and thereby elim- 
inate all trouble from puncture, by surges and lightning. 

The chance of there being weak sections*or units in a four 
piece or five ріссе insulator where each piece is only š or š in. 
thick is fairly high. On the other hand what lightning would’ 
puncture lengthwise 20 in. of porcelain? Regardless of the 
so called factor of safety, such an insulator must flash over rather 
than puncture. 

What is the prospect of making a tougher porcelain, stronger 
in tension but perhaps of somewhat inferior specific dielectric 
strength which would deliver us from turning to the laws of 
chance to sec how much of our equipment is really worse than 
worthless? 

Mr. Austin shows us indeed how to make the most of the 
materials and methods we now have, but at best the laws of 
chance do not furnish a very satisfactory method of picking 
out defective material, of which the degree of defectiveness 15 
progressive. | 

A curious result of the laws Mr. Peek has investigated is the 
sparking voltage of lightning arrester horn gaps at high volt- 
ages in various parts of the country. 

Judging from the reports that come back from operating com- 
panies the various horn gap settings sometimes require much 
greater reduction and enlargement with low and high altitudes 
respectively than the density law would call for. 

There has been a suspicion: at times that some other cause 
such as the presence of radioactive substances in the vicinity 
must be necessary to account for the great horn gap settings 
required in certain territories. Of course, there may at times 
be some peculiarity of wave form which accounts for this and 
causes the discrepancy, but that is rather doubtful. 

For example, it is our recollection that on 110,000 volts, 
settings of horn gaps ranging from four in. in one western 
locality near sea level to 15 in. in another in the mountains 
have been found necessary. 

Has any one else data from actual operation in the Rocky 
Mountains as to abnormal sparking distances.? 
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REPORT OF THE BOARD OF DIRECTORS FOR FISCAL YEAR 
ENDING APRIL 30, 1915 


The Board of Directors of the American Institute of Electrical Engineers 
presents herewith to the membership its Thirty-First Annual Report, 
covering the fiscal year ending April 30, 1915. Detailed statements of the 
Institute's finances, the various trust funds, assets and liabilities, and other 
similar data, will be found included herein. 

An cxamination of these statements will show that the abnormal con- 
ditions existing throughout the country during the year have not seri- 
ously affected the Institute's finances, and that the receipts for the year 
exceed by a considerable amount the receipts of the previous' year. 

A brief summary of the work accomplished during the year follows. 
For further details members are referred to past issues of the monthly 
PROCEEDINGS through the medium of which the Board endeavors to keep 
the membership informed regarding the administration of Institute 
affairs. | 

Meetings of the Board.—The Board of Directors has held 11 meetings 
during the year. - Ten of these were held at Institute headquarters in 
New York, and one at Detroit, Mich., during the Annual Convention. 
An additional, adjourned meeting, was held in July 1914, for the purpose 
of considering the adoption of the Standardization Rules, reference to 
which will be found elsewhere in this report. 

Following the custom of previous years, a resumé of the business 
transacted at these meetings has been published each month in the In- 
stitute PROCEEDINGS and in the technical press, in order that the member- 
ship may have the opportunity of keeping in touch with all matters of ` 
interest. The material published in this way, however, represents only a 
part of the actual business transacted by the Board, as many important 
matters are necessarily held over for further consideration and action, 
regarding which publicity is withheld pending their final settlement. АП 
such matters are dealt with in subsequent issues of the PROCEEDINGS. 

Conventions.—'l'he Thirty-First Annual Convention was held in De- 
troit, Mich., June 22-26, 1914. The convention was an unqualified 
success in’ point of attendance, quality of the papers and discussions, and 
the enjoyment afforded by the numerous social features. The total 
registered attendance was 483, of which 302 were Institute members. 
Of the 181 guests, 100 were ladies. Fifteen technical papers were ргс- 
sented at the six technical sessions, the number of papers being limited 
to afford more time for discussion and for recreation. This arrangement 
met with general approval. 

The Third Mid-winter Convention was held at Institute headquarters 
in New York, February 17-19, 1915. The program was of a general 
nature, the 12 technical papers presented covering a variety of subiects. 
The total registered attendance was 464, of which 378 were Institute 
members. A subscription dinner-dance was given at the Hotel Astor 
on the second evening, in which 350 members and guests participated. 
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The Sixth Annual Pacific Coast Meeting was held in Spokane, Washing- 
ton, September 9-11, 1914, under the auspices of the Spokane Section, 
and in conjunction with the convention of the Northwest Electric Light 
and Power Association. The Institute contributed five of the papers 
presented, and the Institute's registered attendance was 192 members 
and guests. 


Other Meetings.— Ап Institute meeting was held in Philadelphia, Pa., 
on October 12, 1914, under the auspices of the Philadelphia Section and 
the Committee on the Use of Electricity in Marine Work. Three papers 
were presented, and the attendance was about 200. 

On May 28 and 29, 1914, a two day Institute meeting was held in 
Pittsfield, Mass., under the auspices of the Pittsfield Section. Eight 
papers were presented at this meeting, and the registered attendance was 
177. 

A two-day meeting was held in Cleveland, Ohio, on March 18 and 
19, 1915, under the auspices of the Industrial Power Committee and the 
Cleveland Section. Six papers were presented, and the registered at- 
tendance was 309. : 

A two-day meeting was also held in Pittsburgh, Pa., on April 15 and 
16, 1915, under the auspices of the Committee on the Use of Electricity 
in Mines and the Pittsburgh Section. The total registration at this 
meeting was 216, and seven technical papers were presented. 

The increasing demand for meetings of this nature indicates a grow- 
ing interest on the part of the membership which will not only greatly 
benefit the Institute, but will tend still further to develop its national 
character. 

In addition to the special Institute meetings, seven meetings were held 
in New York. The Sections and Branches have also held their usual 
large number of mectings as referred to in detail in the report of the 
Sections Committee. | | 

Meetings have already been authorized for next October in Philadelphia 
and St. Louis. 

During the year President Lincoln has attended Institute and local 
meetings in Pittsfield, Spokane, Philadelphia, Rochester, St. Louis, 
Pittsburgh, Ithaca, Lynn, Chicago, Cleveland and New York. 

International Electrical Congress.—In the opinion of the Executive 
Committee of the Committee on Organization of the International 
Electrical Congress, the war in Europe rendered it inexpedicnt to hold the 
Congress during the year 1915, and at a meeting held on September 25, 
1914, the committee adopted resolutions recommending that the Congress 
be indefinitely postponed. The Board concurred in the committee’s 
views of the situation, and on October 9 passed resolutions postponing 
the Congress until such time as it shall be deemed advisable to hold an 
International Electrical Congress in the United States. АП subscrip- 
tions to the Congress were refunded in full and the Institute paid the total 
expense that had been incurred by the Committee on Organization of the 
Congress, amounting to approximately $1,500. 

International Engineering Congress.—As full information regarding 
this Congress has been widely circulated among Institute members, it is 
unnecessary to go into details regarding its history and organization 
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in this report. The Institute continues to maintain its interest as one of 
the five participating societies conducting the Congress, which will be 
held in San Francisco, as originally planned, September 20-25, 1915. 
The April report of the Committee of Management shows that 2,791 
members have now been enrolled on the committee’s books, of which 25 
percent are foreigners, and that 139 papers have been received, а number of 
which are by foreign authors. The plans for this Congress are progressing 
favorably, and the prospects for its success are much brighter than might 
have been expected in view of conditions abroad. 


Panama-Pacific Convention.—Recognizing that the postponement of 
the Electrical Congress would be disappointing to the Pacific Coast 
members of the Institute, and appreciating the desirability of holding a 
special meeting during the Exposition, the Board decided at its December 
meeting to authorize the Panama-Pacific Convention, to be held in San 


Francisco, September 16-18, 1915, during the week preceding that in. 


which the International Engineering Congress is to be held. Informa- 
tion regarding the plans for the Рапата-Расфс Convention may be 
found in the current issues of the monthly Institute PROCEEDINGS. 


Honorary Vice-President on the Pacific Coast.— Believing that the 
prestige of the Institute would be greatly enhanced by the presence on 
the Pacific. Coast during the Panama-Pacific exposition of a special 
officer or representative, the Board created at its March meeting the 
special office of Honorary Vice-President, and Professor Harris J. Ryan, 
of Leland Stanford, Jr. University, Cal., whose past services to the Insti- 
tute and prominence in the engineering profession commended him as 
eminently qualified to represent the Institute, was unanimously chosen 
to fill this post of honor, unique as the first office of the kind in the Insti- 
tute's history. The appointment was made effective at once and is to 
continue during the Exposition. : 


Revision of the Constitution.—Resolutions were adopted by the Board 
in April 1915 suggesting the appointment by the next administration 
of a committee to consider a revision of the Constitution, and inviting 
suggestions for amendments from the membership. For several years 
past the Institute has had such committees, and these committees have 
colleeted a large amount of data and suggestions for revision for the use 
of future committees. It now appears to the Board desirable that a 
committee be appointed at the beginning of the next administrative 
. year to consider these and all other suggestions that may be submitted. 
The Board also adopted at the same meeting another resolution sug- 
gesting to the Section Delegates who attend the coming annual con- 
vention that they discuss this subject and submit such suggestions as 
they may decide upon. | 


Amendments to the By-laws.—The by-laws were amended in ге- 
sponse to recommendations made by the Section delegates in attend- 
ance at the Detroit Convention last June. Section 55 was amended 
to permit the newly elected Section officers to begin their terms of office 
either on August 15% or on January 15%. This Section formerly pro- 
vided that the terms of Section officers should coincide with that of 
the President of the Institute, which begins on August Ist. Section 60 
was amended to incorporate the duties and functions of Section dele- 
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gates attending annual conventions, and to increase the amount of 
funds available for each Section. 


Engineering Foundation.—The inauguration by the United Engineer- 
ing Societv on January 27, 1915, of the Engineering Foundation, to be 
““ devoted to the advancement of the Engineering Arts and Sciences іп 
all their branches, to the greatest good of the Engineering Profession" 
is one of the most important events in the annals of engineering which 
has occurred during the year. The Foundation, which is designed to 
benefit the entire engineering profession, was made possible by the 
generous gift, to the United Engineering Society, of $200,000, by Ат- 
brose Swasey, of Cleveland, Ohio, to serve as the nucleus of the Founda- 
tion. The administration of the Foundation has been entrusted to a 
Board of eleven members composed of representatives of the four national 
engineering societies, the Amcrican Society of Civil Engineers, the 
American Societv of Mechanical Engineers, the American Institute of 
Mining Engineers, and the American Institute of Electrical Engineers, 
and the United Enginetring Society; also two members at large. The 
fund is to be held in trust by the United Engineering Society. 


Employment Department.—On October 9, 1914, the Board authorized 
the establishment of an Employment Department at Institute head- 
quarters, for the benefit of the Institute membership. А large number of 
circular letters were sent to Institute members in positions of executive 
and engineering responsibility, soliciting their coóperation and support, 
and the department has already proved helpful to employers and to 
members seeking employment. The plan followed,which has been de- 
scribed fully in the Institute PROCEEDINGS, is to publish іп the PROCEED- 
INGS, without charge to members, brief announcements of vacancies, 
and abstracts of the records of available men. These announce- 
ments have increased with each monthly issue, and several mem- 
bers have thereby been assisted to desirable positions although 
the business conditions during the year have been such that the num- 
ber of vacancies announced has been small compared with the number 
of men available. The department will doubtless prove of still greater 
benefit when normal business conditions are restored. 


Committees and Representatives.— There has been very little change 
in the number and character of the standing, special, and technical com- 
mittees. One new technical committee was appointed, namely, the 
Committee on the Use of Electricity in the Iron and Steel Industry. 

The Institute has continued its representation on various joint com- 
mittees and other local and national bodies with which it has been affl- ` 
lated in past years all of which have been more or less active during the 
year. 

For convenient reference, abstracts of reports submitted by the chair- 
men of many of the Institute committees to the Board of Directors 
are included herein, as follows: 


Sections Committee.—The Sections and Branches have shown grati- 
fying activity during the vear, as indicated below. А new Section was 
organized last October in Rochester, N. Y., and application has been 
made for authority to organize a Section in Denver, which will be acted 
upon by the Board of Directors at the May meeting. 
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The Branches are also doing excellent work, and are steadily increas- 
ing in number, five having been organized during the year, bringing 
the number of Branches up to 52. 

The following tabulated statement shows the activity of the Sections 
and Branches as compared with previous years: 


For Fiscal Year Ending 


Мау 1 | May 1 | May 1 | May 1 | May 1 | May 1 | Мау 1 
1909 1910 1911 1912 | 1913 1914 1915 


Sections 
Number of Sections.. 24 25 25 28 29 30 31 


Number of Section 
meetings held..... 169 187 208 239 244 233 246 


Total attendance....| 16,427 16,694 | 15,243 | 19,800 | 22,825 | 22,626 | 23,507 


Branches 
.|Number of Branches. 26 31 36 42 47 47 52 
Number of Branch 
meetings held... .. 198 237 255 281 357 306 328 
Attendance......... 8,443 10,255 | 10,714 | 10,255 11,808 | 11,617 12,712 


Meetings and Papers Committee.—The Meetings and Papers Com- 
mittee has arranged for all of the Institute meetings and conventions 
held during the year, also for the Annual Convention to be held in Deer 
Park, Md., in June, and the Panama-Pacific Convention to be held in 
San Francisco in September. Arrangements are now being made for 
Institute meetings in Philadelphia and St. Louis in October, also for 
the October and November meetings in New York. All of the papers 
presented at the meetings have been approved by this committee, which 
has held monthly meetings throughout the year. In its selection and 
approval of the papers presented the committee has had the coopera- 
tion and assistance of the special technical committees, so that every 
paper offered for presentation before the Institute is reviewed by special- 
ists in the branch of electrical engineering covered by the paper. 

New York Reception Committee.—The New York Reception Com- 
mittee reports a series of successful smokers which have followed the 
regular meetings held at Institute headquarters. The expense has been 
met by private subscription. The committee also made the arrange- 
ments for the successful and enjoyable dinner-dance held during the 
Midwinter Convention. 

Standards Committee.—The Standards Committee of 1913-1914 pre- 
sented its revised edition of the Standardization Rules to the Board of 
Directors at the Detroit Convention in June 1914. An adjourned meet- 
ing of the Board was held,on July 10, 1914, at which the Rules were 
approved, and the incoming Standards Committee of 1914-1915 was 
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authorized to make editorial revisions and to issue the new edition to 
take effect on December 1, 1914. The committee held meetings in 
October and November, at which the editorial corrections were agreed 
upon, and the present edition of the Rules, under date of December 1, 
1914, was then issued. | 

Regular monthly meetings have been held by the committee during 
the year, at which suggested amendments to the Rules have been dis- 
cussed and agreed upon. The committee intends to present a revised 
edition of 1915 Standardization Rules to the Board of Directors in June, 
to become effective in July or August, if approved. Notices of all of 
the committee’s meetings, with a docket of matters coming up for dis- 
cussion, are regularly forwarded by the committee's secretary, with a 
general invitation for the representatives to be in attendance, to the 
following bodies: Association of Ra:lway Electrical Engineers, Society 
of Automobile Engineers, Illuminating Engineering Society, American 
Electric Railway Association, National Electric Light Association, Elec- 
trical Committee of the National Fire Protection Association, Institute of 
Radio Engineers, American Society of Mechanical Engineers, American 
Society of Civil Engineers; American Institute of Mining Engineers, 
American Electrochemical Society, Electric Power Club, and the Ameri- 
can Society for Testing Materials. 

Messrs. H. M. Hobart and C. E. Skinner were appointed delegates 
at the request of the British Rating Panel to the meetings in London, 
of the British Engineering Standards Committee, with the view to 
harmonizing the Electrical Engineering Standardization Rules in England 
and America. These gentlemen left New York for London on Febru- 
ary 10, 1915, and their report was presented at the meeting of the com- 
mittee held on May 7. 


Code Committee.— During the past vear the chairman of the Code 
Committee has acted as the chairman of a special committee of the 
National Fire Protection Association appointed for the purpose of draft- 
ing suggested changes in the elevator wiring requirements of the National 
Electric Code. 

A very considerable amount of time has been given to assisting the 
United States Bureau of Standards in the preparation of a set of safety 
rules which the Bureau expects to issue in the nearfuture. Several 
meetings have been held in Washington, D. C., and in New York, for 
the purpose of revising these rules. 

The chairman of the Code Committee represented the Institute at 
the biennial meeting of the Electrical Committee of the National Fire 
Protection Association held іп New Yorkin March 1915. At this meeting 
action on Rule 13 of the National Electric Code was again deferred until 
the action of the National Committee on Overhead and Underground Con- 
struction was made known. This latter committee includes representatives 
of various associations interested in the subjects suggested in its title. 
The Institute has three representatives upon the committee, and its 
chairman is the chairman of the Institute's Code Committee. 

Library Committee.—Following the custom of previous years, the 
Library Committee will furnish a complete report for publication in 
an early issue of the PROCEEDINGS. 
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Law Committee.—The work of the Law Committee during the year 
has been limited to reports on several questions of minor importance 
which have been submitted to it. 

Railway Committee.—The Railway Committee this year has con- 
sidered the electric railway standards incorporated in the Standardiza- 
tion Rules, and has cooperated with the Standards Committee in edit- 
ing the rules relating to railway equipment. It is now codperating with 
the Standards Committee in a revision of Rule No. 418, having ap- 
pointed a sub-committee for that purpose which includes members of 
the Railway and Standards Committees. 

The committee has also obtained a series of papers for the Annual 
Convention, dealing with the subject of contact devices for heavy traction, 
their cost of construction in various types, and their cost of maintenance. 

Transmission Committee.—Since the last Annual Meeting this com- 
mittee has prepared for final publication the comprehensive report on 
High Tension Transmission Practice compiled by the Engineering Data 
Committee of last year and offered for discussion at the Detroit Con- 
vention. 

The committee provided the program for one session of the Mid- 
winter Convention held in New York, on the general subject ot high 
frequency testing of porcelain insulators. 

The specification for the testing of high voltage porcelain line insu- 
lators, which has been in course of preparation for two years, has finally 
been approved by the Transmission Committee, and the Board of Direc- 
tors has.authorized its publication in the near future. 

The committee has undertaken the collection of data on the effect 
of altitude on the operating temperature of electrical apparatus, but 
the work will not be completed for some time. 

The committee is preparing a program for the Annual Convention on 
the subject of '' Foundations for and Erection of Steel Towers for Trans- 
mission Lines.”’ 

Electric Lighting Committee.—The Electric Lighting Committee pro- 
vided two papers for the March meeting in New York, and it has ar- 
ranged for a joint session with the Illuminating Engineering Society 
at the coming Annual Convention, at which the adequate lighting of 
streets and systems of electrical distribution for street lighting will be 
considered. The committee also expects to provide papers for the Pan- 
ama-Pacific Convention, or for an early meeting in New York next fall. 

Industrial Power Committee.—The Industrial Power Committee laid 
` out a program at the beginning of the year which was to include the follow- 
ing: 

1. An effort to have at least one meeting of every Section and Branch 
devoted to the subject of Industrial Power. 

2. To bring together within the Institute a series of illustrated lectures 
on Industrial Power subjects which could be kept at Institute head- 
quarters and which would be available for the use of Sections and Branches 
if desired, 

3. To make a complete presentation of the subject of Industrial 
Power applications under four general headings at four different meetings. 

Three phases of the general subject have already been dealt with at 
the Midwinter Convention in New York, the Cleveland Meeting in 
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March, and the Pittsburgh Meeting in April. The fourth will be taken 
up at the Annual Convention. 

The work of the committee for the year as a whole will have covered 
a large amount of ground and will have brought about the presentation 
of much valuable material in the Institute PROCEEDINGS. This has been 
due in considerable part to the early formulation of plans, to the sub- 
division of work among the different members of the committee, and to 
a cooperation on the part of all of the individual members. 

Power Stations.—The Power Stations Committee has held some 
conferences and has collected some data, but the general feeling is that 
the work has not progressed to a sufficient extent to justify the pres- 
entation of a special report this vear. 

Electrochemical Committee.—-Owing to the geographical distribution 
of its members, the Electrochemical Committee has not been able to 
hold any meetings, but has carried on its work through correspondence. 
The work of the committee has been confined to efforts to obtain suit- 
able papers on electrochemical subjects. The committee arranged for 
the joint meeting with the New York Section of the American Electro- 
chemical Society which was held in New York on March 12, 1915. 

Electrophysics Committee.— The work of the Electrophysics Com- 
mittee has been directed chiefly to the securing of papers on subjects 
relating to the physical theory underlying the application of electricity 
to electrical engineering. Six papers have thus far been considered, 
and a seventh is promised. Of these, two have already been presented, 
and three will be presented at the Annual Convention. 

The New York meeting of April 9 was held under the auspices of 
the committee. | 

Iron and Steel Industry Committee.—This committee was formed 
with the object of promoting the use of electricity in the iron and steel 
industry. As the Association of Iron and Steel Electrical Engineers is 
organized with a similar object, and comprises within its membership prac- 
tically all of the operating steel mill electrical engineers in the country, 
it was felt that good results might follow coóperation with the Associa- 
tion. Accordingly, arrangements have been made with the officers of 
the Association for a joint session at its coming convention to be held 
in Detroit, Mich., September 8-11, 1915, for which the committee will 
provide two papers for presentation and discussion. 

Committee on the Use of Electricity in Mines.—For the last two 
years the efforts of the Mining Committee have been directed toward 
obtaining more uniform regulations for the use of electricity in mines. 
Up to the present time it has not been possible to obtain the coóperation 
necessary to effect this object, but steps have been taken to interest the 
U. S. Bureau of Mines, and the lead in this matter will now be taken 
by the Federal Government. In the near future the Institute will 
probably be invited to send representatives to a meeting of interested 
bodies to discuss this subject. The committee is making arrangements 
to provide papers for one session of the Panama-Pacific Convention. 

Committee on Use of Electricity in Marine Work.— During the year 
the committee obtained several papers for presentation before the In- 
stitute, but its principal work has been directed to the collection of data 
from shipbuilding companies and owners, with the object of stand- 
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ardizing as much as possible marine installations and to have available 
information on good practice in such installations. As a result of the 
data collected, suggestions of changes in the marine section of the National 
Electric Code were made to the National Fire Protection Association, 
and three meetings of the Marine Committee have been held in con- 
junction with a sub-committee of the National Fire Protection Asso- 
ciation resulting in certain desirable changes in the code being made. 

Records and Appraisals of Properties Committee.—This committee 
has undertaken the production of a series of discussions by its members 
of the important features of inventories and appraisals of public service 
properties, with the object of bringing these discussions together into 
areport. The general subject has been divided into seven sub-divisions, 
each dealing with different phases of the subject, and each member of 
the committee has agreed to provide a discussion of one of these sub- 
divisions. 

Educational Committee.—The work of the Educational Committee 
has consisted largely in outlining the scope of its work as distinguished 
from that of similar bodies. Educational work in engineering is taken 
care of bv various bodies: and it seemed desirable to differentiate the 
work properly so as to avoid duplication. A list of questions was pre- 
pared covering various phases of educational work in electrical engineer- 
ing, and the opinion of the members of the committee was sought upon 
these questions. It is hoped that the replies received will enable 
next vear's Educational Committee to make its work more definite and 
systematic. Among the topics suggested are, trade and evening schools, 
engineering apprenticeship, research in universities, standardization of 
courses and of methods of instruction, etc. It is'suggested that the 
membership of the committee in future be made more homogeneous and 
not so scattered geographically, in order that the committee may consider 
each year just one topic, and thus gradually accumulate valuable data 
and make definite recommendations concerning this or that phase of 
education in electrical engineering. 


Joint Committee on Engineering Education.— This committee, consti- 
tuted of representatives from several national engineering societies includ- 
ing the Institute, and from the Carnegie Foundation for the Advancement 
of Teaching, has undertaken to make a comprehensive study of engineer- 
ing education. The work is progressing satisfactorily. Present methods 
of instruction are being determined by personal visits to representa- 
tive institutions, letters of advice and of constructive criticism are being 
digested, and suitable tests of engineering ability to be used by schools 
both for entrance and for graduation are being arranged in coóperation 
with a psychological expert. 


Editing Committee.— The Editing Committee has had general super- 
vision over the 12 numbers of the PROCEEDINGS and the volumes of TRANs. 
ACTIONS published during its incumbency. The method of handling 
discussions by condensing them as much as practicable and eliminating 
all irrelevant matter has been continued by the present committee with 
satisfactory results. The amount of material published is practically 
the same as was published during the two previous years, and no changes 
in the typographical style of these publications have been found advisable. 
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Public Policy Committee.—The Public Policy Committee has consider- 
ed a number of matters which have been referred to it during the year. 
Among the more important of these are the following: 

Representation of the Institute at a hearing in Washington, D. C., 
last December, before the Senate Committee on Public Lands in relation 
to the Ferris Bill on the Development of Arid Lands. 

With the approval of the Executive Committee, the Public Policy 
Committee cooperated with the Philadelphia Section last October in 
filing a protest against legislation to license or register engineers in the 
State of Pennsylvania. 

Recommendations upon request of American Association for the 
Advancement of Science for cooperation of the Institute in an effort to 
reform methods of securing expert opinion in judicial procedure. 

Action on communication relative to a legislative bill in connection 
with the inspection of buildings. 

Report on advisability of making an effort to secure the appointment 
of an engineer as a member of the New York State Public Service Com- 
missions. | 

The committee has been authorized to represent, and given power to 
act for, the Institute in connection with any legislation aiming to license 
or register engineers; also to represent the Institute in connection with the 
New York State Constitutional Convention. 

Relations of Consulting Engineers.—This committee has directed its 
efforts toward the development of a schedule of fees for the use of mem- 
bers of the Institute practising as consulting engineers, believing that such 
a schedule, if approved by the Board of Directors and recognized as a 
proper basis for engineering fees, would tend to promote the best interests 
of the profession. The scope and variety of professional service rendered 
by members of the Institute in consulting practice are such that the 
committee has found the problem one of much complexity, but it hopes to 
present a report to the Board in time for consideration at the May direc- 
tors’ meeting. ` 

U. S. National Committee, International Electrotechnical Commission. 
The activities of the Commission have necessarily been suspended on 
account of the war. Nointernational meetings have been held during the 
year ending April 30, 1915, and no publications have been issued by the 
Central Office since No. 28, March 1914. The Honorary Secretary issued, 
however, a report in November 1914, in which acknowledgment was 
made of the action of the A. I. E. E. in helping the Central Office to carry 
on its work during the year on a reduced scale. 

Through the successful efforts of the committee's President, Messrs. 
H. M. Hobart and C. E. Skinner were appointed delegates of the U. S. 
National Committee, and of the Standards Committee, to meetings in 
London, of the Rating Panel of the British Engineering Standards Com- 
mittee. "These gentlemen left New York on February 10, and attended 
several meetings of the Panel. Their report was presented at a joint 
meeting of the U. S. National Committee and the Standards Committee 
on May 7, 1915. 

Edison Medal.—The sixth Edison Medal was awarded by the Edison 
Medal Committee, on December 29, 1914, to Dr. Alexander Graham Bell, 
"for Meritorious Achievement in the Invention of the Telephone." 


A) 
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The presentation will be made at the Annual Meeting of the Institute on 
May 18, 1915. 

Board of Examiners.—The Board of Examiners has held 11 meetings 
during the vear. The Board has examined and referred to the Board of 
Directors with its recommendations, a total of 1,695 applications of all 
kinds. In addition to these, the Board has reviewed a considerable 
number of applications a second and third time. A summary of the 
applications definitely disposed of is given in the following statement: 


APPLICATIONS FOR ADMISSION. 


Recommended for election to the grade of Associate........ 761 
Recommended for election to the grade of Member......... 37 
Recommended for election to the grade of Fellow.......... 2 | 
Recommended for enrolment аз вбініепі................. 798 

Not recommended for election to the grade of Member..... 15 

Not recommended for election to the grade of Fellow....... 2 1,615 

APPLICATIONS FOR TRANSFER. 

Recommended for transfer to the grade of Member........ 48 
Recommended for transfer to the grade of Fellow........... ‚ 12 

Not recommended for transfer to the grade of Member..... 16 

Not recommended for transfer to the grade of Fellow....... 4 80 
Total number of applications сопѕійегеа................. 1,695 


The work of the Board of Examiners has increased considerably 
since the constitutional amendments were adopted creating three grades 
of membership, and providing for direct admission to any grade, and 
requires much more time than formerly. 

Membership Committee.— The Membership Committee has been 
conducting an active and well-planned campaign to increase the member- 
ship, an outline of whach mav be found in the September 1914 PROCEED- 
INGS. Thecodperation of the Section and Branches was also enlisted, 
and some of the local committees have been quite successful in pro- 
ducing results. ` 

The following table shows the number of members in each grade, 
the total membership, and the additions and deductions that have Бесп 
made during the year. 


Honorary 
Member Fellow Member Associate Total 

Membership, April 30, 1914. 5 439 1027 6405 7876 
Additions: 

Elected...... Тера арда 37 714 

Transferred............ 14 53 

Reinstated............. 1 5 23 
Deductions: 

Died. ak wees арыда» 1 9 27 

Resigned.............. 2 8 124 

Dropped. ............. 3 17 411 

Transferred..... 9 58 
Membership, April 30, 1915. 5 448 1079 6522 8054 


Net increase in membership during the уеаг.................... 178 
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While, owing to the general business depression, the membership has 
not increased as much as would ordinarily have resulted from the 
efforts put forth, nevertheless, the membership has been kept up to a 
normal figure, and the results accomplished will tend to offset the losses 
which may be expected by reason of abnormal business conditions. 

The committee also, with the sanction of the Board of Directors, 
extended its scope to sending communications to delinquent members 
with the view to retaining them on the membership Hst. This cam- 
| paign is now under way. 

Deaths.—' The following deaths have occurred during the year: 

Fellow.—H. Ward Leonard. 

Members.—E. G. Bernard, F. P. Catchings, George Cutter, E. L. 
Farrar, C. E. Hansell, M. А. Marca-Romero, ]..А. Sandford, Jr., H 
H. Sinclair, Maurice A. Viele. 

Associates.—J. A. Baylis, Alfred P. Boyd, C. F. Brackett, Guy E. 
Fairly, A. H. Freeman, Charles M. Gould, E. L. Haines, Edw. J. Hall, 
T. D. Harbinson, L. A. Hedger, J. E. Hodgson, L. H. Holtzapple, S. 
F. Macdonald, Kengo Makino, W. E. McWethy, H. W. Monk, Jorge 
Newberry, J. E. Putnam, E. A. Regestein, Stuart Richardson, A. A. 
Rockefeller, F. T. Rowatt, H. A. Russell, S. O. Sandell, Hugh C. Scott, 
B. E. Semple, T. Uweki, 

Total deaths, 37. 

Finance Committee.— The following correspondence and financial 
statements form a complete summary of the work of the Finance Com- 
mittee for the year. 


New York, May 11, 1915. 
Board of Directors, 
American Institute of Electrical Enginecrs. 
Gentlemen: 

Your Finance Committee respectfully submits the following report 
for the year ending April 30, 1915. 

During the past year the committee has held monthly mectings, has 
passed upon the expenditures of the Institute for various purposes and 
otherwise performed the duties prescribed for it in the Constitution and 
By-laws. Haskins & Sells, chartered accountants, have audited the 
Institute books, and their certification of the Institute finanees follows. 

In company with vour Treasurer and a member of the firm of chart- 
ered accountants, the committee has examined the securities held by the 
Institute and finds them to be as stated in the accountants’ report. 

The Institute still has a liability of $54,000.00 in the form of a mort- 
gage upon the land on which the Engineering Societies Building stands. 
The desirability of liquidating this mortgage has been discussed at 
intervals by the various Finance Committees of the past few years. 
In view of the present favorable financial condition of the Institute, as 
indicated in the accompanying statements, the present committee re- 
commends that the Board of Directors give consideration to the can- 
cellation of this indebtedness at an earlv date. 

Respectfully submitted, 
(Signed) J. Franklin Stevens, 
Chairman, Finance Committee. 
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HASKINS & SELLS 
CERTIFIED PUBLIC ACCOUNTANTS 
30 BROAD STREET 
NEW YORK 


LONDON, E. C. 
30 COLEMAN STREET 


CHICAGO ST. LOUIS SAN FRANCISCO 
MARRIS TRUST BUILDING THIRD NATIONAL BANK BUILOING CROCKER BUILDING 
CLEVELAND PITTSBURGH BALTIMORE 
WILLIAMSON BUILDING FARMERS BANK BUILDING CALVERT BUILDING 


CABLE ADORESS MASKSELLS" 


AMERICAN INSTITUTE OF ELECTRICAL ENGINEERS 


CERTIFICATE OF AUDIT ' 


We have audited the books and accounts of the Amcrican Institute 
of Electrical Engineers for the year ended April 30, 1915, and 

WE HEREBY CERTIFY that the accompanying General Balance Sheet 
properly sets forth the financial condition of the Institute on April 30, 
1915, that the Statement of Income and Profit & Loss for the year ended 
that date is correct, and that the books of the Institute are in agreement 


therewith. 
š HASKINS & SELLS 
Certified Public Accountants. 


Мем YORK, 
May 8, 1915. 
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AMERICAN INSTITUTE OF 


GENERAL BALANCE SHEET 


ExHIBIT A. 


ASSETS. 
LAND AND BUILDING: 
Interest in United Engineering Society's Real Estate, No. 
25 to 33 West 39th Street: 


Búilding -ee cen dede adeo pa Vea b Pec Sopa dos di iret $353,346 61 
Land (One-third of Cost)................................ 180,000 .00 
Total Land and Ваійілр.......................... 
EQUIPMENT: 
Library—Volumes апа Ріхінгез.......................... $ 38,536.05 
Works of Art, Paintings, есс............................. 3,001.35 
Office Furniture апа Ғіхімгев............................ 10,603.61 
оа ы ox c tasa pra d Тазыны a Ы ҰМЫ RETIA Bese $ 52.141 01 
Less Reserve for Depreciation............................ 6,024.83 
Remainder—Equipment.......................... 
INVESTMENTS: 
Bonns: 
New York City, 4 ‚ 1917, Par $8.000.00............... $ 8362.50 
New York City, 4 1957, Раг $22,000.00. 23,590 ОО 
City of Wilmington, я 44%, 1934, Par $15,000.00. . 15,997.50 
Chicago, Burlington & Quincy Railroad Company, 4%, 
1958, Par $15,000.00................................ 14,606.25 
Total Investments. 2 ews owe bua x a e RN 
WORKING ASSETS: 
Publications entitled “ Transactions,” etc................. $ 9,650.75 
Re sic DOR о 934.60 
Total Working Аззе{$............................. 
CURRENT ASSETS: 
ОРООНО oda aly aed He BRS we ans Ga Su SOS ua puya eee $ 7,496.47 
Accounts Receivable: 
Members, for Entrance Fees and Past Dues............. 8,590.60 
Advertisers e yak ҒЫСЫ ey ee aa me Ea aa Rh ааа 1.252 75 
а ото а е а a e RO ERO oe EY Қа ДА eS 518 06 
Interest Ассгиеа--Іпуебвбтпегпів.......................... 831.25 
Interest Accrued—Bank ВаІапсев........................ 94 37 
Total Current Аззеїз............................. 
FuNDS: 
Land, Building, and Endowment Fund: 
(СаПа ok tea qc eue s aye ek ee Oe eg nes $7,702.48 
Interest Accrued........................... 79.29 
% 7,751.71 
Life Membership Fund: 
(aS iG ier и ee OP a el Аа $5,281.39 
Interest Асстиеа........................... 40.00 
5,321.39 
International Electrical Congress of St. Louis— 
Library Fund: 
(ashes алтын и ОЕ $ 658.74 
New NU OG City Bonds, 44%, 1957, Par 
$2 000 005 асан қам dia dese ac a ы а RU ait 2,268.00 
Interest о "rc" 45.00 
— y 2,971.74 
MAILLOUX FUND: 
Caspium o Ado bu vbi eicit P ema tco dta $ 114.05 
New o e Telephone Company Bond, 44%, 
м aa eg 1,000.00 
Шоо Accrued Lu y ши BS aie: ы ыы ТӘНЕ 22.50 
1,136.55 
Total Funds maseaan а guau sy 
Ota hoist tate а қа ae oes 


$533,346.61 


$46,116.18 


62,556.25 


10,585.35 


18,783.50 


17,211.39 


$688,599 .28 
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ELECTRICAL ENGINEERS 
APRIL 30, 1915 


LIABILITIES. 


Bond and Mortgage—United Engineering Society—On In- 
terest in Land No. 25 to 33 West 39th Street.............. 


CURRENT LIABILITIES: 
Accounts Payable—Subject to Approval by the Finance 
Committee о ра оаа Oh ee UR ar E VR A C amy 
Interest Accrued on Bond and Mortgage.................. 
Dues Received іп Айуапсе.............................. 
Entrance Fees and Dues Advanced by Applicants for mem- 
zii cosh ht аныз АР а uq бак qero ааа 


Total Current Liabilities........................ 


FUND RESERVES: 
Land, Building, and Endowment Ғапа.................... 
Este: Membership Fund..........,....................... 
International Electrical Congress of St. Louis—Library 


ооо эз э е à 9 9 9 € * 9 € 9 ө * а во * ө 8 е € э * ө * э э е * à э 9 9 à * з * е 


Total Fund Везегуев........................... 
SURPLUSs: Per Exhibit "В"...........›................ 


.41 
.9U 


1365 


$ 51000 ь 


7,099 41 


17,211.39 
610,288 . 48 


$683,599.28 


FI" я 
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AMERICAN INSTITUTE OF ELECTRICAL ENGINEERS 


STATEMENT OF CASH RECEIPTS AND DONATIONS FOR DESIGNATED PUR- 
POSES. ALSO DISBURSEMENTS, FOR THE YEAR ENDED APRIL 30, 1915. 


EXHIBIT C. 
RECEIPTS AND DONATIONS: 
Land, Building and Endowment fund—Interest,.................. — $188.94 
Life Membership Fund—Interest,.......... 00 eee ee eee terete tn 192.83 
International Electrical Congress of St. Louis Library Fund Donations, 
and Interests och are МД ыле ә е ОИ RE Y si 92.50 
Mailloux Pund-——Interest¢: о неа ROGA Sees ee 45.00 
Totals: usu КЕЛИН ТТ ТКТ GU LEUR CR ГЛ ҮҮТ $519.27 
DISBURSEMENTS: 
Life Membership Рипа iiv dh онаа AS ARD ааа $343.35 
Muilloux Fünd scs ыда бағамы алы ашыта ааа СЫ ee E q 26.75 
Totabcsessu ор ГЕККЕ ЛЕР ҮК даа ЫЫ DA ME ADU EN $370.10 


RECEIPTS AND DISBURSEMENTS PER YEAR PER MEMBER. 
During each fiscal year for the past eight years. 


Year ending April 30..... 1908 1909 1910 1911 1913 1913 1914 1916 
Membership, April 30, each 
Vea. caus quee wt xo e 5674 6400 6681 7117 7459 7654 7876 8054 


Receipts per Member..... $13.01 $13.21 $13.35 $13.37 $13.19 $13.45 $14.08 $14.06 
Disbursements per Member 11.73 10.49 12.03 11.03 12.44 15.57 12.86 13.54 


ur Balance per Member $1.28 $2.72 $1.32 $2.34 $ .75 *$2.12 $1.22 $ .52 
eficit. 


Respectfully submitted for the Board of Directors, 


F. L. HUTCHINSON, Secretary. 
New York, May 18, 1915. 
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Panama-Pacific Convention 


The Meetings and Papers Com- 
mittee of the Institute has been actively 
engaged for some time іп preparing 
the technical program of the Panama- 
Pacific Convention and has tentatively 
accepted the following papers for the 
convention program: 


Submarine Telephony апа Teleg- 
raphy, by Bela Gati. 

Automatic Telephone System of Los 
Angeles, by W. Lee Campbell. 

Transient Voltages, by F. W. Peek, 


Arc Phenomena, by Alfred G. Collis. 

Experiences with Diesel Engines 
Driving Generators in Mine Work, 
by Charles Le Grand. 

Electrically Driven Compressor Plants, 
by L. E. Alexander. 

The North Butte Hoisting Plant, 
by Wilfred Sykes. 

Central Stations for Mine Loads, 
by Martin H. Gerry. 

Overhead Electrolysis and Strain 
Insulators, by S. L. Foster. 

Standard Marine Installations, by 
H. A. Hornor. 

Commutation, Бу B. G. Lamme. - 
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Delta Cross-Connections іп Poly- 

phase Systems, by G. P. Roux. 

Harmonics in Transformer Magnet- 

izing Currents, by J. F. Peters. 
Train Lighting, by R. C. Lanphier. 
Experimental Researches on Skin 
Effect in Conductors, by Messrs. 
Kennelly, Laws and Pierce. 

Abnormal Voltages in Transformers 
and Type of Winding which is Im- 
mune from such Voltages, by J. 
Murray Weed. 

Peak or Crest Voltmeters, by Clay- 

ton H. Sharp. 

What Constitutes Working Capital— 

a symposium, collected by William 
B. Jackson. 

There are also under consideration 
proposed joint sessions with the Insti- 
tute of Radio Engineers and the Amer- 
ican Electrochemical Society. 

This program is not complete and is 
subject to change, but a complete 
program and most of the papers will 
be published in the August issue of 
PROCEEDINGS, 


International Engineering 
Congress Circular of 
Information 


A circular has recently been issued 


from the San Francisco headquarters of 


the International Engineering Congress, 
containing information relative to the 
Congress and the conventions which 
will be held during the week immedi- 
ately preceding the Congress by the 
American Society of Civil Engineers, 
American Society of Mechanical En- 
gineers, American Institute of Mining 
Engineers, and American Institute of 
Electrical Engineers. 

The circular contains an outline of 
the excursions to points of engineering 
interest which have been arranged by 
the Committee of Management and 
which will be open to all members of 
the Congress and to the membership 
of all the societies under whose auspices 
the Congress has been organized. 

The data given include, in addition 
to a brief statement regarding the en- 
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gineering features of these excursions, 
definite information relative to the 
cost, and the time, required for each 
excursion, the date and hour of starting 
and returning being given in each 
instance. 

Copies of this circular may be ob- 
tained upon application to the secre- 
taries of the societies under whose 
auspices the Congress has been or- 
ganized, or upon application to the 
headquarters of the Committee of 
Management of the Congress, Foxcroft 
Building, San Francisco, Cal. 

The circular also contains data re- 
garding hotel accommodations and trans- 
portation, similar to the information 
contained in a circular mailed to the 
entire membership of the Institute and 
of the other societies concerned, under 
date of March 22, 1915. 


Past Section Meetings 


Boston.—May 28, 1915, Engineers 
Club. Addresses by Dr. Louis Bell and 
Mr. S. C. Rogers on “ Modern Street 
Lighting Units." Election of officers 
for the coming year as follows—chair- 
man, L. L. Elden; vice-chairman, G. A. 
Burnham; secretary-treasurer, Ira M. 
Cushing; executive committee, L. W. 
Abbott, William L. Puffer, and C. W. 
Green. Attendance 65. 


Cleveland.—Mav 15, 1915, Akron, 
Ohio. Trip to Akron, Ohio, and inspec- 
tion of the Gorge power house of the 
Northern Ohio Traction and Light Com- 
pany, and the plant of the Goodyear 
Tire and Rubber Company, where an 
address was given by Mr. A. P. Lewis 
on “ Manufacture of Automobile Tires." 
Election of officers as follows—chair- 
man, E. H. Martindale; chairman of 
program committee, Charles S. Powell; 
secretary, I. H. Van Horn; executive 
'committee, Allard Smith, H. L. Wallau 
and E. J. Edwards. Attendance 128. 


Detroit-Ann Arbor.— Мау 28, 1915, 
Detroit Engineering Society Club 
Rooms. Paper: ‘ Keokuk Develop- 


ment," by E. А. Lof, illustrated by 
lantern slides. Election of officers for 
the coming season as follows—chairman, 
Ralph Collamore; vice-chairman, A. A. 
Meyers; secretary-treasurer, C. E. Wise: 
assistant secretary-treasurer, H. 5. 
Sheppard. Attendance 150. 

Fort Wayne.— Мау 20, 1915, Fort 
Wayne Electric Works. Address by 
Mr. J. J. Kline on “ Electric Storage 
Batteries.” Attendance 21. 


Los Angeles.— May 18, 1915, Cham- 
ber of Commerce. Paper: “ Solenoid 
and Electromagnet Windings," by G. 
L. Hedges, presented by F. W. Harris. 
Address by Мг. В. G. Peebles on “ The 
War in Europe.” Attendance 48. 

Lynn.— May 27, 1915, General Elec- 
tric Works, West Lynn. Illustrated 
address by Mr. W. L. R. Emmet on 
" Ship Propulsion." Election of offi- 
cers for the coming season as follows— 
chairman, G. N. Chamberlain; secre- 
tary-treasurer, F. S. Hall; executive 
committee, J. M. Davis and A. J. Cort. 
Attendance 202. 


Minnesota.—May 10, 1915, Engi- 
neering Building, University of Minne- 
sota. Papers: '" Lake Nokomis Elec- 
tric Dredge," by H. E. Brillhart, and 
“ The Application of Electric Drive to 
Paper Mills, and Data Concerning the 
Paper Industry.” Election of officers 
as follows—chairman, E. T. Street; 
secretary, W. C. Beckjord; member 
executive committee, F. W. Springer. 
Attendance 90. 


Panama.— May 23, 1915, Adminis- 
tration Building, Balboa Heights, C. Z. 
Election of officers as follows—chair- 
man, William H. Rose; vice-chairman, 
F. C. Clark; secretary-treasurer, С. 
W. Markham; executive committee, 
A. T. Sjoblom, E. D. Stillwell and R. 
H. Whitehead. Attendance 12. 

Philadelphia.— May 10, 1915, En- 
gineers Club. Papers: (1) “ Lead Dis- 
patching,” by James T. Lawscn; (2) 
“ Philadelphia's Newest Generating 
Station,” by Charles Penrose. At- 
tendance 200. 

May 15, 1915, Engineers’ Club. Pa- 


* 
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per: “ Electric Welding and Its Appli- 
cation,” by J. H. Bryan. Joint meet- 
ing with the Engineers’ Club. Attend- 
ance 90. 

Pittsburgh. May 8, 1915. Inspec- 
tion trip to the Brunots Island power 
plant of the Duquesne Light Company. 
Attendance 159. 


Pittsfield.— The following officers 
have been elected for the coming year— 
chairman, M. O. Troy; vice-chairman, 
V. E. Goodwin; secretary-treasurer, F. 
R. Finch; member of executive com- 
mittee, N. Currie, Jr. 


Rochester.— May 28, 1915. Address 
оп “ Research Work in Manufacturing 
Plants," by W. R. Whitney. Election 
of officers as follows—chairman, E. L. 
Wilder; secretary-treasurer, F. E. Has- 
kell; executive committee, Scott Lynn, 
E. F. Davison, O. W. Bodler and E. J. 


Carroll. Attendance 68. 


San Francisco.— May 28, 1915, En- 
gineers’ Club. Address by Prof. V. 
Karapetoff on “ The Elements of High- 
Tension Insulation Design.” Attend- 
ance 70. 


Seattle.— May 17, 1915, Chamber of 
Commerce. Election of Mr. E. A. 
Loew as delegate to represent the 
Section at Annual Convention of Insti- 
tute, Deer Park, Md. Discussion of 
Section affairs. Attendance 13. 


Toledo.—]une 2, 1915, Toledo Com- 
merce Club. Address by Prof. O. W. 
Irwin on “ Some Modern Conceptions 
Concerning Certain Basic Electrical 
Phenomena." Attendance 21. 


Urbana.— May 21,. 1915, Physics 
Building. Address by Dr. Charles T. 
Knipp от “ Positive Rays and Allied 
Phenomena." Attendance 30. 


Washington.— May 27, 1915, Cosmos 
Са! Hall. Illustrated address by Mr. 
H. С. Eddy on “А Trip to New Zea- 
land! Blection of officers for the 
ensuing '-year as follows—chairman, 
Robert Н. Dalgleish; secretary, Arthur 
Dunlop; executive committee, John H. 
Hanna, Myron Creese and Milan V. 
Ayres. 


Past Branch Meetings 


University of Arkansas.—May 25, 
1915, Engineering Hall. Election of 
officers for the coming year as follows— 
president, P. X. Rice; secretary and 
treasurer, F. M. Ellington. Attend- 
ance 29. 

Bucknell University.— Election of offi- 
cers for the coming year as follows— 
president, М. |. Rehman; vice- 
president, 5. R. Mensch; secretary- 
treasurer, E. C. Наретап. Attend- 
ance 9. 

University of Colorado.—May 13, 
1915, Hale Sctentific Building. П- 
lustrated lecture by Mr. G. D. Luther 
on '' Storage Batteries." The follow- 
ing officers were elected for the coming 
year-—chairman, Earnest F. Peterson; 
secretary, Samual J. Blythe. Attend- 
ance 29. 


University of Kansas.— May 24, 1915, 
Lawrence. Election of officers as fol- 
lows—chairman, E. C. Arnold; vice- 
chairman, V. T. Newton; secretary- 
treasurer, E. C. Bourke; executive 
committee, H. M. Stevens, A. R. Wil- 
son, C. D. Luke, and George C. Schood. 
Attendance 26. 


Lafayette College.— May 13, 1915, 
Pardee Hall. Papers: (1) ''Subma- 
rine Signaling”; (2) “ Systems of Street 
Lighting"; (3) “Тһе Eastern Pennsvl- 
vania Street Railway Lines”; (4) 
“Тһе Northampton Traction Company 
Railway.”  Attendanc. 19. 

May 20, 1915. Papers: (1) “ Elec- 
trical Design ''; (2) “ Tests on Holtzer- 
Cabot Machines "; (3) “Тһе Philadel- 
phia-Allentown Electric Railway." At- 
tendance 18. 

May 22, 1915. Papers (1) “ The 
New York City Power Plant"; (2) 
“ The Waterside Plant of the New York 
Edison Company *'; (3) “ Brush Losses 
and Testing.” Attendance 18. 

May 27, 1915. Papers: (1)“ His- 
tory and Present Status of the 
Arc Lamp”; (2) “Electric Power in the 
Textile Industry.” Attendance 12. 

May 29, 1915. Papers: (1) “ Mag- 
netic Properties of Electrolytic Iron 
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Melted іп Vacuo ”; (2) “ Illumination 
at the Panama-Pacific Exposition ”; 
(3) “Тһе Hydroelectric Development 


on Bishop Creek, California"; (4) " The 


Mercury Vapor Rectifier.” Attend- 
ance 12. 
June 3, 1915. Papers: (1) “ The 


Outdoor Substation—Its Requirements 
and Field of Operation ”; (2) “ Harris- 
burg, IL, Railway and Power Plant ''; 
(3) ''Application of Small Motor 
Units”; (4) ‘‘Intercommunicating Tele- 
phone Systems and Their Uses." At- 
tendance 12. 

June 5, 1915. Paper: “ The Elec- 
tric Truck, Its Future and Advantages 
as Compared with the Gasoline Truck.” 
Attendance 14. 

Lehigh University.— Мау 17, 1915, 
Physical Laboratory. Address by Mr. 
Farley Osgood on “ Engineering and 
the Engineer”; also "Commercial Mag- 
netic Tests of Iron and Steel," by O. 
W. Eshbach. Election of officers as 
follows— president, A. F. Hess; vice- 
president, H. F. Bergstresser; secretary, 
R. W. Wieseman; treasurer, S. E. 
Heisler. Attendance 53. 

Ohio State University.— Мау 26, 
1915. Annual second semester ban- 


quet, followed by illustrated lecture by 


Mr. E. A. Lof on “ Electrical Features 
of the Panama Canal." Election of 
officers for the coming vear as follows— 
president, R. G. Locket; vice-president, 
C. F. Hanker; secretary-treasurer, D. 
A. Dicky. Attendance 26. 

Purdue ОшуегзИу.—АргИ 6, 1915. 
Paper: “ The Modern Electric Vehi- 
cle," by C. A. Jaqua. Attendance 48. 

April 20, 1915. Debate on the sub- 
ject of '' Grounding the Neutral of a 
Three-Phase Svstem," by R. C. Close 
and B. R. Vanleer. Attendance 14. 

Rensselaer Polytechnic Institute.— 
Мау 11, 1915. Sage Laboratory. Ex- 
perimental lecture on the “ The Princi- 
ples and Phenomena of Currents of 
High Voltage and High Frequency,” 
bv J. A. Terrell and J. W. Bacon. 
Election of officers ав follows—chair- 
man, W. J. Williams; secretary, S. N. 
Galvin; executive committee, T. M. 
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Snyder, E. Hendry, W. Cravens, W. R. 
Townsend, J. N. Calkins, and F. M. 
Colvin. Attendance 75. 

Rhode Island State College.— May 
19, 1915. Address by Mr. Frank H. 
Briden on '' Kinds, Uses and Manufac- 
ture of Files "; also “ Electric Railroad 
Block Signal," by Ramon Pla. Elec- 
tion of officers as follows— president, 
Charles E. Seifert; vice-president, Phi- 
neas M. Randall; secretarv, Frank À. 
Faron; treasurer, Thomas F. Victory. 
Attendance 27. 

Syracuse University.— April 22, 1915. 
Paper: '' Searchlights," by W. D. Keef- 
er. Attendance 17. 

April 29, 1915. Papers: (1) “ The 
Development of the Incandescent 
Lamp," by A. D. Мау; (2) “ Electric 
Welding by Low and Large Pressure 
Currents," by D. D. Nash. Attend- 
ance 15. 

May 13, 1915. Papers: (1) “ Elec- 
tric Starting and Lighting Devices for 
Automobiles," by J. Silverman; (2) 
“ The Electrostatic Separation of Iron 
Ore," by G. E. Woodard. Attendance 
17. 

Мау 20, 1915. Paper: “ The Lock- 
ing Caissons of the Panama Canal,” 
by L. T. Woodruff. Attendance 13. 

University of Texas.—-May 28, 1915. 
Paper: “ Transmission Line Develop- 
ments in Texas,” prepared by Power 
Transmission Committee, read by W. 
J. Miller. Attendance 11. 

University of Washington.— May 25, 
1915, Good Roads Building. Ilustra- 
ted address by Mr. B. B. Bessesen on 
“Тһе White Salmon Hydroelectric 
Development." © Election of officers as 
follows—chairman, E. Clarence Miller; 
secretary, George Smith. Attendance 
18. 

West Virginia University.— May 14, 
1915, Morgantown, W. Va. Papers: 
(1) " Answers to Some Questions on 
Electric Arc Welding ”; (2) “ Theoreti- 
cal and Experimental Considerations 
of Electrical Precipitation ”; (3) ‘ The 
Alternating-Current Coal Hoist "; (4) 
“ Texas’ Largest Central Station ”; (5) 
" Possibilities of Sharp Directive Wire- 
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less Telegraphy ”; (6) “ Recent Devel- . 


opments in Radiotelegraphy "; (7) 
“ Protection of Telephone Circuits ”; 
(8) " Rating of Motors." Attendance 
61. е 
Worcester Polytechnic Institute. — 
May 19, 1915, Lecture Hall. Addresses 
as follows—(1) “Тһе Design апа 
Specification for a Long-Distance High- 
Voltage Power Transmission Line," by 
R. D. Hawkins; (2) “А Printing Ma- 
chineforthe Productionof Photographs”, 
by А. M. Vibbert; (3) “ Photographic 
Recording of the Non-Recurrent Phe- 
nomena on the Oscillograph," by J. W. 
Legg. Election of officers as follows— 
president, R. M. Thackeray; vice- 
president, H. E. Whiting; secretary- 
treasurer, C. C. Whipple; executive 


committee, H. B. Smith, A. B. R. 
Prouty, E. L. Bragdon, and L. A. 
Gardner. Attendance 30. 


Yale University.—May 14, 1915, 
Electrical Laboratorv. Subject: Cen- 
tral Stations. Afternoon and evening 
meetings. Afternoon, address by Mr. 
V. E. Bird on " Rates.” Evening was 
devoted to discussion on ‘ Industrial 
Heating by Central Station Power," 
Mr. A. J. Campbell presiding. Elec- 
tion of officers for the coming year as 
follows—chairman, Vonder — Smith; 
treasurer, Мг.  Seacord; secretary, 
Mr. Large; executive committee, Prof. 
scott, Mr. Winston and Mr. Hall. 
Attendance 120. 


Personal 


Mr. Edwin G. Hatch has opened an 
office for consulting work in the Equi- 
table Building, New York, and will have 
associated with him Mr. Herschel C. 
Parker, for twenty-one years Professor 
of Physics in Columbia University. 
Mr. Hatch was formerly associated with 
Mr. Walter G. Clark, and during Mr. 
Clark's absence in the West since 1913, 
had entire charge of the New York 
office, including the consulting work for 
the Victoria Falls and Transvaal 
Power Company of London and South 
Africa. Mr. Hatch was also treasurer 
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and manager of the Clark Electric 
and Manufacturing Company, being 
largely instrumental in developing that 
company’s line of high-tension special- 
ties. 


Recommended for Transfer, 
June 17, 1915 


The Board of Examiners, at its 
regular monthly meeting on June 17, 
1915, reeommended the following mem- 
bers of the Institute for transfer to 
the grade of membership indicated. 
Any objection to these transfers should 
be filed at once with the Secretary. 


To GRADE OF FELLOW 
STEEN. HALFDAN A., Electrical Engineer, 
New Jersey Zinc Co., Franklin, N. J. 
To GRADE OF MEMBER 


Manager, 
Co., 


Есах, Louis H., General 
Kansas City Electric Light 
Kansas City, Mo. 

KALB, WARREN C., Sales Engineer, 
National Carbon Co., Cleveland, O. 

KEBLER, LEONARD, President, Ward 
Leonard Electric Co., Bronxville, 
N. Y. 

Кох, HARTLEY, 
tendent, Panama 
Heights, C. Z. 


Electrical Superin- 
Canal, Balboa 


Applications for Election 


Applications have been received by 
the Secretary from the following candi- 
dates for clection to membership in the 
Institute. Unless otherwise indicated 
the applicant has applied for admission 
as an Associate. If the applicant has 
applied for direct admission to a higher 
grade than Associate, the grade follows 
immediately after the name. Any 
member objecting to the election of any 
of these candidates should so inform 
the Secretary before July 31, 1915. 
Berger, M., New York, N. Y. 
Cavalcanti, A. F., Boston, Mass. 
Connolly, W. B., Schenectady, N. Y. 
Fager, F. D., Oak Park, Ш. 

Feldman, I., New York, N. Y. 
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Gutting. L. А., Gatun, С. 2. 
Hamilton,J.L. (Member), St. Louis, Мо. 
Hill, H. F., Chicago, Щ. 

Hubbard, H. Van S., Minneapolis, Minn. 
Keyes, W. R., Winnemucca, Nev. 
Lee, E. S., Schenectady, №. Y. 
Mitchell, K. M., Sherman, Texas 
Nims, H. E., Massena, N. Y. 
Pettengill,H.J.( Member), St.Louis, Mo. 
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Pool, R. H., Youngstown, Ohio 
Poor, W. E., Danvers, Mass. 
Richmond, W. S., Detroit, Mich. 
Squire, N. H., Downieville, Cal. 
Tanabe, S., Schenectadv, N. Y. 
Thompson, R. G., Bowling Green, Mo. 
Woodward, W. R. (Member), E. Pitts- 
burgh, Pa. 
Total 21. 


EMPLOYMENT DEPARTMENT 


NOTE: Under this heading brief announcements (not more than 50 words in 
length) of vacancies, and men available, will be published without charge to mem- 


bers. 


Copy should be prepared by the member concerned and should reach the 
Secretary's office prior to the 20th of the month. 


Announcements will not be re- 


peated except upon request received after an interval of three months, during this 


period names and records will remain in the office reference files. 


All replies should 


be addressed to the number indicated in each case, and mailed to Institute head- 


quarters. 


The cooperation of the membership by notifving the Secretary of available 


positions, is particularly requested. 


Vacancies 

The United States Civil Service 
Commission announces an open com- 
petitive examination for illuminating 
engineer (salary $1,200), on July 7 
and 8, to be held at numerous places 
in the United States. 

This examination supersedes the 
examination for clectrical engineer and 
draftsman, which was scheduled to be 
held June 23-24, the announcement of 
which was published in the Employ- 
ment Department of the June PRo- 
CEEDINGS, and which has been can- 
celled. Those desiring this examina- 
tion are referred to the previous an- 
nouncement for details, and should 
apply at once for the circular relative 
to the examination (Form No. 489, 
issued June 1, 1915) and Form No. 
1312, stating the title of the examina- 
tion for which the form is desired, to 
the United States Civil Service Com- 
mission, Washington, D. C., or, if 
time does not permit, application 
blanks may be obtained from the Sec- 
retary of the Civil Service Board at 
the post office or custom house of any 
of the numerous places where the ex- 
amination will be held. 


Men Available 
304. Electrical Engineer. Graduate 
University of Karlsruhe, Germany; 
native of Switzerland; age 28; married. 
One year's engineer course with Swiss 
company. Two years' experience with 
large American company, designing 


ing apparatus. Has 


and research work on motors and gen- 
erators; familiar with oscillograph tests. 
Desires position with opportunity for 
advancement. 

305. Practical all-round electrician 
and recent technical graduate; single; 
age 27. Nine years' experience in elec- 
trical construction, maintenance and 
repairof electrical machinery; can handle 
men. Desires permanent position as 
chief electrician or assistant electrical 
engineer. Willing to go anywhere. 

306. Electrical and Civil Engineer. 
Technical graduate; married; age 28. 
Desires position with concern manu- 
facturing electric elevating and convey- 
been connected 
with large elevator company during 
past three years. Three years student 
course of General Electric testing de- 
partment. Location no object. 


307. Superintendent of construction 
and operator; Mem. А. I. E. Е. Spe- 
cialist in installing and operating hydro- 
electric generating equipment of large 
capacity. Proficient in high-tension line 
construction and operation, all details 
of modern practise in transformer erec- 


tion and general mill installation. 
Twenty years’ experience. ` 
308. Superintendent, chief  drafts- 


man or other factory executive posi- 
tion desired by mechanical and elec- 
trical engineer with fifteen years’ ex- 
perience in the development, design 
and manufacture of electrical special- 
tics, instruments, etc. Has technical 
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education and general engineering, 
business and traveling training. Age 
38; married. 

309. Electrical Engineer. Age 29; 
married. Open for position of respon- 
sibility. Good technical education. 
Student apprenticeship experience, 
testing and manufacturing. Experienc- 
ed in the design and construction of 
hydroelectric plants, transmission and 
distribution systems. Several years 
district superintendent for large opera- 
ting company. Now electrical engineer 
for interurban railway. 


310. Electrical Engineer. Age 25; 
desires responsible position with light- 
ing company or consulting engineer; 
five years’ experience in power plant, 
testing and illumination; capable of 
handling men. Assoc. A. I. E. E., Mem. 
I. E. S. and N. E. L. A. Available 
September 1. 


311. Electrical Engineer. Technical 
graduate; age 28; married. Five years’ 
experience designing, estimating, con- 
structing and operating of power plants, 
transmission systems, power and light 
installations. Speaks Spanish, French 
and German. Desires position as office 


Library Accessions 
The following accessions have been made to 
the Library of the Institute. since the last 
acknowledgment. 
Carnegie Free Library. Annual Report 26th, 
1914. Braddock, Pa. 1915. (Gift of Car- 
negie Free Library.) 


Cuarto Congreso Cientifico (1° Pan Americano) 
Resena General, por Eduardo Poirier. San- 
tiago de Chile. 1915. (Gift of Congreso 
Cientifico.) 


Havana Electric Railway, Light and Power Com- 
pany. Annual Report to the stockholders 
for the year ended December 21, 1914, with 
Special Report on Consolidated Power 
Plant. Havana, Cuba, 1915. (Gift of Charles 
William Ricker.) 


New Hampshire. Public Service Commission. 
Reports and Orders, vol. IV, 1914. Concord, 
N. H., 1915. (Gift of Public Service Com- 
misséon.) 

Resuscitation from Electric Shock, Traumatic 
Shock, Drowning, Asphyxiation from any 
cause. Ed. 2. By Charles A. Lauffer. New 
York, John Wiley & Sons, 1915. (Gift of 
Publishers.) 

This little book is devoted to a description 
of the prone pressure method of resuscitation, 
which it describes in very plain language. It 
should be placed in the hands of all electric 
power plant employees, and all others liable to 
accidental asphyxiation. W. Р.С. 
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or field engineer anywhere; can accept 
position at once. 


312. Technical graduate desires 
position as electrical engineer or super- 
Intendent. One year in charge of elec- 
trical department of manufacturing 

lant; one year electrical super- 
intendent of plant in town of 5000 
population; four years in charge of 
electrical department for electric light 
and railway company. Salary to start 
not first consideration. 


313. Assistant Professor. Seven 
years’ teaching and two and one-half 
years’ practical experience. Author of 
design and laboratory notes. Available 
for school year beginning September 1, 
1915. 


314. Small investment and services 
are offered by electrical engineer (30); 
exceptional ability and experience. 
State full particulars. 


315. Electrical Engineer; graduate; 
Mem. A. I. E. E.; married. Experienc- 
ed in engineering, construction and 
executive work in telephone, electric 
light, power, wiring, and equipment. 
Desires permanent position, executive 
and managerial preferred. 


Royal Society for the Encouragement of Arts. 
Manufactures and Commerce. List of 
Fellows, 1914-15. London, 1915. (Gift of 
Royal Society.) 


Royal Society of London. Philosophical Trans- 


actions Ser. À, vol. 214. London, 1914. 
(Gift of E. D. Adams Fund.) 
Underwriters’ Laboratories. Organization, pur- 


pose and methods. 1915. (Gift of National 
Fire Protection Association.) 


U. S. War Department. Statement showing rank, 
duties and addresses of the officers of the 
Signal Corps, U. S. Army, and list of officers 
who have been detailed in the Signal Corps 
ot assigned to aviation duty. 1915. Wash- 
ington, 1915. (Gift of U. S. War Depart- 
ment.) 


Westinghouse Electric & Manufacturing Com- 
pany. Annual Report, March 31. 1915. 
East Pittsburgh, 1915. (Exchange.) 


TRADE CATALOGUES 


Cement Gun Co. New York City. The Cement 
Gun. 106 pp. 1914. 

——Butletin 40. Protection of structural steel 
on the P. R. R. Cortland Street Ferry 
Terminal, New York City. 

— —Bulletin 90. Provincial government of 
Ontario adopts cement gun construction at 
the hospital for the insane, Whitby, Ont. 

——Bulletin 91. Tunnel waterproofing with 
cement and clay mortar, fifty feet below 
sea level. 
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Bulletin 101. Cement Gun process of per- 

manently repairing coke ovens. 

Kelly high pressure sand blast, description 

and instructions. 

Lining ditches with reinforced concrete. 

Electric Storage Battery Co. Philadelphia, Pa. 

Bulletin 149. The * Exide” battery for 

marine wireless service. May 1915. 

Section LI, Ed. 3. The ‘ Exide” battery 

types LX, SX and S. May 1915. 

General Electric Company. Schenectady, N. Y. 
Bulletin 44406. GE-247 Ventilated com- 
mutating pole railway motor. May 1915. 

———48303. Hand operated starting rheostats 

and panels for direct current motors. May 

1915. 

Electric appliances for the home. 

Leeds & Northrup Co. Philadelphia. Pa. 

Bulletin 210. Universal lamp and scale. 

Catalogue 48. Measurement of conductivity 

of electrolytes. 

Matthews, W. N. & Bros. St. Louis, Mo. 
Catalog and handbook (No. 9) 1914. 

Moore, S. L. & Sons. Elizabeth, N. J. Bulletin 

17. Crescent oil engine. 1915. 

Bulletin 101. Crescent industrial 

motor truck. 1915. 

Pyrene Manufacturing Co. New York City. 
Pyrene. May 1915. 

Roller-Smith Co. New York 
Imps." 

—"C. O. D. Indicators.” 

Portable volt ammeter. Мау 1915. 


electric 


City. “ Auto 
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Aluminum Electrical Conductors. Pittsburgh, 
Aluminum Company of America, n.d. 
(Gift of Aluminum Company of America.) 

American Gas Institute. Lectures delivered at 
the Centenary Celebration of the First 
Cemmercial Gas Company, April 18-19, 
1912. New York, n.d. (Purchase.) 

American Small Arms. By E. S. Farrow. New 
York, 1904. (Purchase.) 

Automobile Trade Directory. April 1915. New 
York, 1915. (Gift of Automobile Trade 
Directory.) 

Azimuths of Celestial Bodies. Ed. 3. Washing- 
ton, 1912. (Purchase.) 

Bibliographie der Deutschen Zeitschriften Lit- 
eratur. Band XXXV, 1914. Leipzig, 1915. 
(Purchase.) 

Bricks and Artificial Stones of  Non-plastic 
Materials, their Manufacture and Uses. 
By A. B. Searle. London, 1915. (Purchase.) 

British. Association of Gas Managers. Report 
of Proceedings of Annual Mecting, 1870-81. 
London, 1870-81. (Purchase.) 

Carnegie Library of Pittsburgh. By-product cok- 
ing, references to books and magazine 
articles. Pittsburgh, 1915. (Gift of  Car- 
negie Library of Pittsburgh.) 

Carnegie Steel Company. Carnegie-Schoen Steel 

Wheels. Ed. 8. Pittsburgh, 1915. 

Pocket Companion for Engineers, Archi- 

tects, and Builders containing useful in- 
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formation and tables appertaining to the 

use of steel. Ed. 17. Pittsburgh, 1915. 

Standard Specifications. Ed. 5. Pittsburgh, 

1915. (Gift of Carnegie Steel Company.) 

Chemistry and Technology of Printing Inks. 
By N. Underwood and T. V. Sullivan. New 
York, 1915. (Purchase .) 

Chemistry of Cyanogen Compounds. By H. E. 
Williams. London, 1915. (Purchase.) 
Chemistry of the Oil Industries. By J. E. 
Southcombe, London. 1913. (Purchase.) 
Cork: its origin and industrial uses. By G. E. 
Stecher. New York, 1914. (Purchase .) 
Depreciation and Wasting Assets and their 
Treatment in Assessing Annual Profit and 
Loss. By P. D. Leake. London, 1912. 

(Purchase.) 

Design and Construction of Steam Turbines. 
By H. M. Martin. London, 1913. (Pur- 
chase.) 

Electric Mine Signalling Installations. By G. 
W. L. Paterson. London, 1914. (Purchase.) 


Electrical Blue Book, Ed. 6. Chicago, 1913. 
(Purchase.) 
Electrical Engineering in India. By J. W. 


Meares. Calcutta, 1914. (Purchase.) 
Electricity for the Farm and Home. By Frank 
Koester. New York, 1913. (Purchase.) 
Electro Plating and Analysis of Solutions. By 

H. H. Reama. New York, 1913. (Purchase.) 
Die Elektrizität und die Textilindustrie. By 
George Obstfelder, Leipzig, 1912. (Pur- 
chasc.) 
Emery's Miners Manual. Ed. 2. Chicago. 1912. 
(Purchasc.) 
Enginecring of Antiquity. By G. 
London, n.d. (Purchase.) 
Fucl: Gaseous. Liquid and Solid. By J. H. Costs 


F. Zimmer. 


and E. R. Andrews. London, 1914. (Pur- 
chasc.) 
Gas Institute. Transactions, 1882-1884, 1886- 


1889. London, 1882-4, 1886-9. (Purchase.) 
General Factory Accounting. By F. H. Timken. 
Chicago, 1914. (Purchase.) 
Getting the Most Out of Business. By E. St. 
Elmo Lewis. New York, 1915. (Purchase.) 
Great Britain. Board of Trade. Statistical Ab- 
stract for the United Kingdom, 1889-1913. 
61st number. London, 1914. (Purchase.) 
Great Britain. Home Office. Law relating to 
mines under the Coal Mines Act, 1911. 
London, 1914. (Purchase.) 


Great Britain. Home Office. Second Report of 
the Departmental Committee appointed to 
enquire into the Ventilation of factories 
and workshops Part I, II. London, 1907. 
(Purchase.) 

Hydraulics. By W. M. Wallace. London, 1914. 
(Purchase.) 

Incorporated Gas Institute. Transactions, 1890- 
96, 1898-1902. London, 1890-6, 1898-1902. 
(Purchase.) 

Incorporated Institution of Gas Engineers. 
Transactions. 1891-1894, 1896, 1903-1910. 
London, 1892-5, 1897, 1904-11. (Purchase.) 


1915] 


Manufacture of Organic Dyestuffs, translated 
from the French of André Wahl. By F. 
W. Atack. London, 1914. (Purchase.) 

Marine Engineering (a text book). Ed. 4. By 
A. E. Tompkins. London, 1914. (Purchase.) 

Motion Study as an Increase of National Wealth. 
By Frank B. Gilbreth. (Reprinted from 
the Annals of the American Academy of 
Political and Social Science, May 1915.) 
(Gift of author.) 

New International Encyclopaedia. Ed. 2. vols. 
9-12. New York, 1915. (Purchase.) 

New Mining Laws of Alaska. 1913. By G. D. 
Emery. (Purchase.) 

New York (County). Office of the Register. 
A Statement and Report showing the pur- 
poses of the Office and Changes and Im- 
provements made during 1914. By J. J. 
Hopper. (Gift of Register.) 

New York State. Constitutional Convention. 
Proposed Amendments 1915. Albany, 1915. 

—Records. Albany, 1915. (Gift of Constitu- 
tional Convention.) 

New York Times Index. vol. III, Jan.-March, 
1915. New York, 1915. (Purchase.) 

Organization and Management of Business Cor- 
porations. Ed. 2. By Walter C. Clephane. 
Kansas City, 1913. (Purchase.) 

Penton’s Foundry List, 1914-1915. Cleveland, 
1914. (Purchase.) 

Planing and Milling. By F. D. Jones. New 
York, 1914. (Purchase.) 

Practical Gilding, Bronzing, Lacquering and 
Glass Embossing By Fredk. Scott- Michell. 
London, 1915. (Purchase.) 

Preventing Losses in Factory Power Plants. 
Ву D. M. Myers. New York, 1915. (Pur- 
chase.) 

Repair and Maintenance of Machinery. By 
T. W. Barber. London, 1895. (Purchase.) 
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Royal Societies Club. Rules, By-laws, List of 
Members. London, 1914. (Gift of Royal 
Societies Club.) 

Rudimentary Treatise on Clocks, Watches and 
Bells for Public Purposes. By E. Beckett. 
London, 1903. (Purchase.) 

Sanitary Refrigeration and Ice Making. By J. 
J. Cosgrove. Pittsburgh, 1914. (Purchase.) 

South African Year Book, 1914. By W. H. 
Hosking. London, 1914. (Purchase.) 

Starting and Lighting of Automobiles. By G. 
Harris and others. New York, 1915. (Pur- 
chase.) 


Storage Batteries, list of references, 1900-1915 
Compiled by George S. Maynard. New 
York, 1915. (Gift of author.) 


Street Paving and Maintenance in European 
Cities. Report by H. W. Durham. N. Y. 
1913. (Gift of N. Y. City Bureau of High- 
ways.) 

Structural Design of Warships. By William 
Hovgaard. London, 1915. (Purchase.) 


Technical Dictionary. vol. II. By Deinhardt & 
Schloman. London, 1908. (Purchase.) 


Theorie und Berechnung der Turbogebláse und 
Turbokompressoren. By By Otto Essich. 
Berlin, n.d. (Purchase.) 


Tower Clock and how to make it. By E. B. 
Ferson. Chicago, 1903. (Purchase.) 


United States Single Shot Martial Pistols. By 
C. W. Sawyer. Boston, 1913. (Purchase.) 


Workmen's Compensation Act, 1906. Ed. 15. 
By W. A. Willis. London, 1915. (Purchase.) 


(Gift of National Child Labor Committee.) 
Child Labor Bulletin, Aug. 1914, pts. 1-2. 
The Clinker and some other children. 1914. 
Child workers of the nation. 1909. 


PROCEEDINGS OF А. I. E. E. 


| July 


OFFICERS AND BOARD OF DIRECTORS, 1914-1915 


PRESIDENT. 


(Term expires July 31, 1915.) 


PAUL M. LINCOLN. 


JUNIOR PAST-PRESIDENTS. 


(Term expires July 31, 1915.) 
RALPH D. MERSHON. 


(Term expires July 31, 1915.) 


(Term expires July 31, 1916.) 
C. O. MAILLOU X. 


VICE-PRESIDENTS. 
(Term expires July 31, 1916.) 


J. A. LIGHTHIPE. 
H. H. BARNES, JR. 
C. E. SCRIBNER. 


(Term expires July 31, 1915.) 
COMFORT A. ADAMS. 

J. FRANKLIN STEVENS. 
WILLIAM B. JACKSON. 
WILLIAM McCLELLAN. 


TREASURER. 
GEORGE A. HAMILTON. 


MANAGERS. 
(Term expires July 31, 1916.) 
H. A. LARDNER. 
B. A. BEHREND. 
PETER JUNKERSFELD. 
L. T. ROBINSON. 


(Term expires July 31, 1915.) 


HONORARY SECRETARY. 
RALPH W. POPE, 


*NORVIN GREEN, 1884-5-6. 
*PRANKLIN L. POPE, 1886-7. 

T. COMMERFORD MARTIN, 1537-3. 
EDWARD WESTON. 1888-9. 

ELIHU THOMSON, 1889-90. 
*WILLIAM A. ANTHONY, 1890-91. 
ALEXANDER GRAHAM BELL. 1391-2. 
FRANK JULIAN SPRAGUE, 1392-3. 
*EDWIN J. HOUSTON, 1893-4-5. 


LOUIS DUNCAN, 1895-6-7. 


FRANCIS BACON CROCKER. 1897-8. 
A. E. KENNELLY, 1898-1900. 


CARL HERING, 1900-1. 
* Deceased. 


GENERAL COUNSEL. 
PARKER and AARON, 


Е. S. HUNTING. 
N. W. STORER. 
FARLEY OSGOOD. 


(Term expires July 31, 1917.) 
FREDERICK BEDELL. 
BANCROFT GHERARDI. 
A. S. McALLISTER. 

JOHN H. FINNEY. 


SECRETARY. 
F. L. HUTCHINSON. 


LIBRARIAN. 
W. P. CUTTER, 


52 Broadway, New York. 


PAST-PRESIDENTS.—1884-1914. 


CHARLES P. STEINMETZ, 1901-2. 
CHARLES P. SCOTT, 1902-3. 


BION J. ARNOLD. 1903-4. 


JOHN W. LIEB, 1904-5. 
SCHUYLER SKAATS WHEELER, 1905-6. 


SAMUEL SHELDON, 1906-7. 
HENRY G. STOTT. 1907-8. 
LOUIS A. FERGUSON, 1908-09. 
LEWIS B. STILLWELL, 1909-10. 


DUGALD C. JACKSON, 1910-11. 


САМО DUNN, 1911-12. 


RALPH D. MERSHON. 1912-13. 
С. O. MAILLOU X, 1913-14. 
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STANDING COMMITTEES 


Revised to July 1, 1915 


EXECUTIVE COMMITTEE. 
P. M. Lincoln, Chairman, 


W. Е. and М. company: East Pittsburgh, Pa 


C. A. Adams, Hamilton, 
H. H. Barnes, Jr., William McClellan, 
B. A. Behrend, N. W. Storer. 


FINANCE cpa каз res 
J. Franklin Stevens, Chairm 
1326 Chestnut St., Philadelphia, Pa. 
H. H. Barnes, Jr. B. Gherardi. 


LIBRARY COMMITTEE. 
Samuel Sheldon, Chairman, 
1984 Schermerhorn St., Brooklyn, N. Y. 
Harold Pender, 


B. Gherardi, 
F. L. Hutchinson. W. I. Slichter. 


MEETINGS AND PAPERS COMMITTEE. 
L. T. Robinson, Chairman, 


General Electric Company. ас Schenectady: N. V. 


L. W. Chubb, b. 

Б; Б: e Азы ыы В. poe ME 
C. E. Scribner. 
Clayton H. Sharp. 


Dugald C. S Jackson: 
Charles P. Steinmetz, 


lliam B. Jackson. 


V. Karapetoff, H. G. Stott. 
S. M. Kintner, Wilfred Sykes, | 
C. S. McDowell, P. H. Thomas, 
H. H. Norris, J. B. Whitehead. 


EDITING COMMITTEE. 
H. H. Norris, Chairman, 
239 West 39th St., New York. 
M. G. Lloyd, W. S. Rugg, 
A. S. McAllister, W. I. Slichter. 


BOARD OF EXAMINERS. 
Maurice Coster. Chairman, 
165 Broadway, New York. 
Philander Betts, A. S. McAllister, 
Henry Floy, John B. Taylor. 


SECTIONS COMMITTEE. 


H. A. Hornor, Chairman, 
Hamilton Court, 39th and Chestnut Streets 
Philadelphia, Pa 
Frederick Bedell, W. A. Hall, 
H. W. Flashman, F. D. Nims, 
Charles F. Scott, 
and the chairmen of all Institute Sections 


STANDARDS COMMITTEE. 


A. E. Kennelly, Chairman, 

Harvard University, Cambridge, Mass. 
C. A. Adams, Secretary, 

Harvard University, Cambridge, Mass. 


Jame Burke, W. H. Powell. 

A. Del Mar, Charles Robbins, 
H. W. Fisher L. T. Robinson, 
H. M. Hobart E. B. Rosa, 

F. B. Jewett, C. E. Skinner, 
P. Junkersfeld, . M. Smith, 

G. L. Knight, " G. Stott, 

W. L. Merrill, P. H. Thomas. 


and the Chairman of the Code Committee, ex- 
0 ficio. 
CODE COMMITTEE. 
Farley Osgood, Chairman, 
763 Broad Street, чета, N. J. 
W.A. Del Mar, . N. Muller, 


a Perayu н. В. Sargent. 
Gear, George A. Sawin. 
О. Lacount. Schoen, 
Карн В. мше. George F. Sever, 
C. kinner, 


LAW COMMITTEE. 
G. H. Stockbridge, Chairman 
165 Піва иву, New York. 
Charles L. Clarke, Paul Spencer, 
C. E. Scribner, Charles A. Terry. 


SPECIAL COMMITTEES 


Revised to July 1, 1915 


POWER STATIONS COMMITTEE. 


H. G. Stott, Chairman, 

600 West 59th Street, New York. 
W. S. Gorsuch, C. S. MacCalla, 
J. H. Hanna, R. Ё S. Pigott, 
C. A. Hobein, E. F. Scattergood, 
A. S. Loizeaux, Paul Spencer, 


C. F. Uebelacker. 
TRANSMISSION COMMITTEE. 


P. H. Thomas, Chairman, 
2 Rector St.. New York. 
E. n Berg. V. D. Moody, 
P. Downi F. D. Nims, ` 
A. R. Fairchil P. W. Peek, ]т., 
F. A. Gaby Harold Pender, 
L. E. Imlay, K. C. Randall, 
L. R. Lee, C. S. Ruffner, 
G. H. Lukes, F. D. Sampson, 
Ra ара D. Mershon, P. W. Sothman, 
W. Mitchell, C. E. Waddell. 
7. Е. Woodbridge. 
RAILWAY COMMITTEE. 
D. C. Jackson, Chairman, 
248 Boylston Street, Boston, Mass. 
A. H. Armstrong, E. B. Katte, 
A. H. Babcock, Paul Lebenbaum, 
E. J. Blair, W.S. Murray, 
H. M. Brinckerhoff, Clarence Renshaw, 
E. P. Burch, A. S. Richey, 
H. M. Hobart, F. J. Sprague. 
N. W. Storer. 


PROTECTIVE APPARATUS COMMITTEE. 
E. E. F. Creighton, Chairman, 
Union University, Schenectady, N. Y. 
H. H. Dewey, . T. Lawson. 
Louis Elliott, . B. Merriam, 


Victor H. Greisser, L.C. Nicholson, 
Ford W. Harris, E. P. Peck, 
S. Q. Hayes, N. L. Pollard, 
Fred L. Hunt, O. O. Rider, 
E. Imlay, D. W. Roper, 
P. Jackson, Charles P. Steinmets, 


H. R. Woodrow, 


ELECTRIC LIGHTING COMMITTEE. 


Clayton H. Sharp, Chairman 
556 East 80th St., New York. 


. W. Cowles, S. Perkins, 
. P. Hyde, S. G. odes, 
P. Junkersfeld, E. B. Rosa, 
A. S. Loizeaux, G. H. Stickney, 
H. W. Peck, C. W. Stone. 


INDUSTRIAL POWER COMMITTEE. 


D. B. Rushmore, Chairman, 
General Electric Company, ас Schenectady, N. Y. 
A. C. Eastwood, Allister, 


Walter A. Hall, . P. Mallett 
. M. Hipple, . H. Martindale, 
. H. Jones, W. L. Merrill, 

C. D. Knight, J. A. Osborn, 

J. C. Lincoln, A. G. Pierce, 
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TELEGRAPHY AND TELEPHONY 
COMMITTEE. 
C. E. Scribner, Chairman, 


463 West Street, New York. 
Minor M. Davis, Kempster B. Miller, 


C. L. Fortescue. H. Mouradian, 
H. M. Friendly, W. O. Pennell, 
A. H. Griswold, В. L. Rhodes, 
F. B. Jewett, ohn B. Taylor, 
S. M. Kintner, . L. Wayne. 
William Maver, Jr., G. M. Yorke. 


COMMITTEE ON 
USE OF ELECTRICITY IN MINES. 
Wilfred Sykes. Chairman, 


Вох 242. East Liberty, Pa. 
F. E. Alexander, M. H. Gerry, Jr.. 


C. W. Beers, Charles Legrand, 

W. W. Briggs. K. A. Pauly. 

Graham Bright, G. B. Rosenblatt, 
B. T. Viall. 


COMMITTEE ON USE 
OF ELECTRICITY IN MARINE WORK. 


C. S. McDowell, Chairman, 

Navy Yard, New York. 
Maxwell W. Day, O. P. Loomis, 
W. L. R. Emmet, D. M. Mahood, 


P. C. Hanker, G. A. Pierce, Jr.. 
H. L. Hibhard, H. M. Southgate, 
Guy Hill, Elmer À. Sperry, 
H. A. Hornor, F. W. Wood 


IRON AND STEEL INDUSTRY COMMITTEE. 


J. C. Reed, Chairman, 
2635 South 2nd Street, Steelton, Pa. 


F. B. Crosby, C. T. Henderson, 
A. C. Dinkey, F. Hodgkinson, 
Gano Dunn. B. G. Lamme, 

A. C. Eastwood, K. A. Pauly, 

F. G. Gasche. J. L. Woodbridge. 


ELECTROCHEMICAL COMMITTEE. 


A. F. Ganz, Chairman, 
Stevens Institute, Hoboken, N. J. 


Lawrence Addicks, E. F. Price, 
. F. Burgess, C. G. Schluederberg. 
Car1 Hering. L. L. Summers, 


W. R. Whitney. 


ELECTROPHYSICS COMMITTEE. 
J. B. Whitehead, Chairman, 


Johns Hopkins с Baltimore, Md. 


Frederick Bedell, 
H. L. Blackwell, 
L. W. Chubb. 
W. 5. Franklin, 


Nichols, 
E. B. Rosa. 
H. J. Ryan, 
H. Clyde Snook. 


COMMITTEE ON RECORDS AND 
APPRAISALS OF PROPERTIES. 


William B. Jackson, Chairman. 

111 W. Monroe Street, Chicago, Ill. 
Philander Betts, W. J. Norton, 
William H. Blood, Jr., C. L. Pillsbury, 


Fred A. Bryan, H. Spoehrer. 
C. L. Cory, W. G. Vincent. 
Henry Floy, Clifton W. Wilder. 


EDUCATIONAL COMMITTEE. 


V. Karapetoff, Chairman, 
Cornell University, Ithaca, N. У. 


E. J. Berg, A. S. Langsdorf, 
P. L. Bishop. C. E. Magnusson. 
C. R. Dooley, Charles F. Scott, 


Q. A. Hoadley, P. B. Woodworth. 
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PUBLIC POLICY COMMITTEE. 


Cavert lownley. Chairman. 
165 Broadway. New York. 
William McClellan, Vice-Chairman, 
141 Broadway, New York. 


H. W. Buck. H. A. Lardner, 

Fredk. Darlington. E. W. Rice. Jr., 
(sano Dunn, L. B. Stillwell, 

John H. Finney, H. G. Stott. 


PATENT COMMITTEE. 


Ralph D. Mershon. Chairman. 
S0 Maiden Lane, New York. 


Bion J. Arnold, E. S. Northrup. 

C. S. Bradley, O. S. Schairer, 

Val. A. Fvnn. C. E. Scribner, 

John F. Kelly, F. J. Sprague, 
C. A. Terry, 


MEMBERSHIP COMMITTEE. 


H. D. James, Chairman, 
W. Е. and M. Company, East Pittsburgh, Ра. 
Markham Cheever. A. G. Jones, 


E. L. Doty. S. C. Lindsay, 
Walter A. Hall, Herbert S. Sands, 
Max Hebgen, M. S. Sloan, 

H. A. Hornor, W. S. Turner, 


P. B. Woodworth. 


HISTORICAL MUSEUM COMMITTEE. 


T. C. Martin, Chairman. 

29 West 39th Street, New York. 
John J. Cartv, E. W. Rice. Jr.. 
Charles L. Clarke. Charles F. Scott, 
Louis Duncan. Frank J. Sprague. 


U. S. NATIONAL COMMITTEE OF THE 
INTERNATIONAL 
ELECTROTECHNICAL COMMISSION 


C. O. Mailloux, President. 
20 Nassau Street. New York. 
В. B. Crocker, Vice-President, 
14 West 45th Street, New York. 
A. E. Kennelly. Secretary, 
Harvard ыл Cambridge, Mass. 


C. A. Adams, . B. Rosa, 

B. A. Behrend, C. F. Scott, 

Louis Bell, Clayton H. Sharp, 
James Burke, Samuel Sheldon. 

J. J. Carty, C. E. Skinner, 

Gano Dunn, Charles P. Steinmets. 
H. M. Hobart, H. G. Stott. 

John W. Lieb, Elihu Thomson, 


Philip Torchio. 


COMMITTEE ON RELATIONS OF CON. 
SULTING ENGINEERS. 
L. B. Stillwell, Chairman, 
100 Broadway. New York. 


H. W. Buck, Р. В. Ford, 
Gano Dunn, F. N. Waterman. 


COMMITTEE ON CODE OF PRINCIPLES 
OF PRORESSIONAL CONDUCT. 


George В. Sever, Chairman, 
13 Park Row, New York. 
H. W. Buck, John F. Kelly. 
Gano Dunn. Schuyler Skaats Wheeler 


COMMITTEE ON HAZARDS FROM 
LIGHTNING 


E'ihu Thomson, Chai-man, 
Swampscott, Mass. 
А. Е. Kennelly. Secretary. 
Harvard University. Cambridge, Mass. 
Comfort A. Adams Louis Bell. 
Dugald C. Jackson. 
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NEW YORK RECEPTION COMMITTEE. 
Frederick C. Bates, Chairman, 
30 Church Street, New York. 
H. H. Barnes, Jr., Angus K. Miller, 


Edward Caldwell, F. А. Muschenheim. 
N. A. Carle, Farley Osgood, 

W. G. Carlton, H. A. Pratt, 

W. À. Del Mar, W. S. Rugg, 

A. F. Ganz, George F. Sever, 


Bancroft Gherardi, Frank W. Smith, 
E. W. Goldschmidt, P. W. Sothman, 


A. Greenidge, S. D. Sprong. 
A. H. Lawton. H. G. Stott, 
John W. Lieb, H. M. Van Gelder, 
R. R. Livingston, . M. Wakeman, 
W. E. McCoy, falter F. Wells. 


William Maver, Jr., Clifton W. Wilder. 
EDISON MEDAL COMMITTEE. 
Apposnted by President for terms of five years. 


Term expires July 31, 1919. 


Charles F. Brush, William Stanley, 
W. Storer. 


Term expires July 31, 1918. 


H. W. Buck, F. A. Scheffler. 
J. Franklin Stevens. 


Term expires July 31, 1917. 
A. E. Kennelly, Robert T. Lozier. 
S. G. McMeen. 


Term expires July 31, 1916. 


Ralph D. Mershon. Frank J. Sprague, 
Schuyler Skaats Wheeler, Chairman, 


Ampere, N. J. 
Term expires July 31, 1915. 
J. W. Lieb, E. L. Nichols. 


Elihu Thomson, 


Elected by the Board of Directors from its own 
membership for terms of !wo years. 


Term expires July 31, 1916. 


C. O. Mailloux, L. T. Robinson. 
E. Scribner, 
Term expires de 31, 1915. 
H. H. Barnes, Jr., A. McAllister. 
William сс МСА 
Ex-Officio. 


P. M. Lincoln, President. 
eorge A. Hamilton, Treasurer. 
L. Hutchinson, Secretary. 


INSTITUTE REPRESENTATIVES 


ON BOARD OF AWARD, JOHN FRITZ MEDAL 


Gano Dunn. C. O. Mailloux, 
Raiph D. Mershon, Paul M. Lincoln. 


ON BOARD OF TRUSTEES, UNITED EN- 
GINEERING SOCIETY. 


C. E. Scribner, H. H. Barnes. Jr., 


ano Dunn. 


ON LIBRARY BOARD OF UNITED EN- 
GINEERING SOCIETY. 


Samuel Sheldon. Harold Pender, 
B. Gherardi. Š W. I. Slichter, 
F. L. Hutchinson. 


ON ELECTRICAL COMMITTEE OF NA- 
TIONAL FIRE PROTECTION ASSOCIATION. 


The chairman of the Institute's Code Committee, 


ON ADVISORY BOARD OF AMERICAN 
YEAR-BOOK. 


Edward Caldwell. 


ON ADVISORY BOARD, NATIONAL CON- 
SERVATION CONGRESS. 


Calvert Townley. 


ON COUNCIL OF AMERICAN ASSOCIATION 
FOR THE ADVANCEMENT OF SCIENCE. 


W.S Franklin, G. W. Pierce. 


ON CONFERENCE COMMITTEE OF NA- 
TIONAL ENGINEERING SOCIETIES. 


William McClellan. 
ON JOINT COMMITTEE ON ENGINEERING 
EDUCATION. 
Samuel Sheidon. 
ON AMERICAN ELECTRIC RAILWAY AS- 


SOCIATION'S COMMITTEE ON JOINT USE 
OF POLES. 


Calvert Townley, 


Charles F. Scott, 


Parley Osgood, B. H. Paine, 


F. 
Percy H. Thomas, 


ON NATIONAL JOINT COMMITTEE ON 
OVERHEAD AND UNDERGROUND LINE 
CONSTRUCTION. 

F. B. H. Paine, 
Percy H. Thomas. 


ON JOINT оа ao TER ON 


ECTROLY 
Bion J. Arnold, F. N. аннан 


Paul Winsor. 


Farley Osgood, 


ON BOARD OF MANAGERS, PANAMA- 
PACIFIC INTERNATIONAL ENGINEERING 
CONGRESS, 1915. 

A. M. Hunt, J. T. Whittlesey. 
And the President and Secretary of the Institute. 


ON JOINT COMMITTEE ON LEGISLATION 
RELATIVE TO REGISTERING ENGINEERS. 
William McClellan. S. D. Sprong. 


ON ENGINEERING SECTION, SECOND 

PAN-AMERICAN SCIENTIFIC CONGRESS 
a H. Finney, F. L. Hutchinson, 

ercy II. Thomas, John B. Whitehead. 


LOCAL HONORARY SECRETARIES. 
Guido Semenza, N. 10, Via S. Radegonda, Мар, 
taly 
Robert Julian Scott, Christchurch, New Zealand 
T. P. Strickland, N.S.W. Government Railways, 
Sydney, N. S. W. 
L. A. Herdt, McGill Univ., Montreal Que. 
Henry Graftio, Petrograd, Russia. 
Richard O. Heinrich, nest-str. 5 Schoeneberg. 
Berlin, Germany. 
A. S. Garfield, 67 Avenue de Malakoff, Paris, 
France. 
пату Parker Gibbs, Tata Hydroelectric Power 
upply Со. Ltd.. Bombay, India. 
John W. Kirkland, Johannesburg, South Af.ica. 


ON U. S. NATIONAL COMMITTEE OF THE 
INTERNATIONAL econ Т COM- 


SSION. 
A. E. Kennelly, C. O. Maillouz, 


Clayton H. Sharp. 
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LIST OF SECTIONS 


Revised to July 1, 1915. 


Name and when Organized Chairman Secretary 

Atlanta............... Jan. 19,704 | A. M. Schoen H. M. Keys, Southern Bell Tel. & Tel. Co., 
Atlanta. Ga. | 

Baltimore............. Dec. 16, '04 | J. B. Whitehead L. M. Eu Industrial Building, Balti- 
more, ; 

Boston................Feb. 13, 03 | L. L. Elden Ira M. Cushing, 54 State St., Boston. Mass. 

Chicago....................... 1893 | E. W. Allen W. J. Norton, 112 W. Adams St., Chicago, 
Ilirois. 

Cleveland.... ........ Sept. 27,707 | Е.Н. Martindale | Ralph Beaman. Cleveland, Ohio. | 

Detroit-Ann Arbor..... Jan. 13. 11 | Ralph Collamore | C. E. Wise. 427 Ford Blég, Detroit, Mich. 

Fort Wayne........... Aug. 14, 'UN | L. D. Nordstrum | J. J. A. Snook, 927 Organ Avenue, Ft, 


Wayne, Indiana. 
Indianapolis-Lafayette.. Jan. 12.'12 | J. L. Wayne, 3rd Walter A. Black, 3042 Graceland Ave. 
Indianapolis, Ind. 


Ithaca .. ............. Oct. 15,709 | E. L. Nichols W. G. Catlin. Cornell Univ., Ithaca, N. Y. 
Los Angeles...........May 19, ‘0S | C. G. Pyle Edward Woodburv. Pacific Lt. & Pr. Com- 
pany. Los Angeles, Cal. 
Lynn. ............... Aug. 99,711 | G. N. Chamberlin] F. S. Hall.General Electric Co..Lynn. Mass. 
adison.............. Jan. 8.09 | J. W. Shuster Eu Kartak, Univ. of Wisconsin. Madison 
is. 
Mexico............... Dec. 13. 07 
Milwaukee............ Feb. 11, '10 | L. L. Tatum W. J. Richards, National Brake and Elec- 
tric Со., Milwaukee, Wis. 
Minnesota............ Apr. 7,702 | E. T. Street Walter C. Beckjord, St. Paul Gas Light 
Co., St. Paul. Minn. 
Panama............... Oct. 10. '13 | William H. Rose C. W. Markham, Balboa Heights, C. Z. 
Philadelphia........... Feb. 18, '03 | H. F. Sanville W. F. James, 1115 North American Bldg., 
Philadelphia, Pa. 
Pittsburgh............ Oct. 13. 02 | J. W. Welsh harc R Riker. Electrice Journal, Pitts- 
burgh, Pa. 
Pittsfield..............Mar. 25, 04| М. О. Troy F. R. Finch. General Electric Company. 
Pittsfield. Mass. 
Portland, Оге..........Мау 15, '09 | R. F. Monges Paul пр 45 Union Depot. Port- 
land, Ore. 
Rochester.............Oct. 9, '14| E. L. Wilder F. = паи Mechanics Institute. Ro- 
chester, N. Y. 
St. Louis.............. Jan. 14. 03 | S. N. Clarkson W. O. Pennell, Southwestern Bell Tel. 
System. St. Louis. Mo. 
San Francisco.......... Dec. 23, '04 | C.J. Wilson À. G. Jones. 811 Rialto Building. San Fran- 
cisco, California. 
Schenectady...........Jan. 26. 03 | H. M. Hobart S. ле Ioue Gen. Elec. Co., Schenectady, 
N. Y. 
Seattle................Jan. 19,704 | S. C. Lindsay E. A. Loew. University of Washington. 
Seattle, Wash. 
Spokane...... TN Feb. 14,'13 | J. W. Hungate L. N. Rice, Spokane and Inland Empire 
К. В. Co., Spokane, Wash. 
Toledo................]une 3, 07 | George E. Kirk Max Neuber, Cohen. Friedlander & Mar- 
tin. Toledo, O. 
Toronto...............Sept. 30, '03 | D. H. McDougall | H. ene Continental Life Bldg.. Toron- 
to. Ontario. 
Urbana............... Nov. 25, '02 | I. W. Fisk P. S. Biegler. Univ. of Illinois, Urbana. Ill. 
Vancouver............ Aug. 22, 1] | E. P. LaBelle K. С. Ашу. B. C. Electric Railway Co.. 
Ltd., Vancouver, B. C. 
Washington, D. C.. .... Apr. 9,' 03 | R. H. Dalgleish Arthur Dunlop. National Electric Supply 
Company, Washington, D. C. 
Total 31 
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Name and when Organized | Chairman Secretary 
Argicultural and Mech. 
ollege of Texas..... Nov. 12, '09 | J. F. Nash A. Dickie, A. & M. College. Col'ege Sta- 
tion, Texas 
Alabama, Univ. of...... Dec. 11,714 | W. M. Johnston L. M. Smith, University. Ala. 
Arkansas, Univ. of..... Маг. 25, '04 | P. X. Rice F. M. Ellington. University of Arkansas, 
Fayetteville. Ark. 
Armour Institute.......Feb. 26, 04 | W. L. Burroughs Chester F. Wright. 3341 Michigan Boule- 
vard, Chicago, Ill. | 
Bucknell University....May 17. 10 | N. J. Rehman E. C. Hageman, Bucknell University, 
Lewisburg, Pa. 
California, Univ. of..... Feb. 9, 12 | J. V. Kimber H. A. Mulvaney, 1521 Hopkins Street. 


Berkeley. Cal. 
Cincinnati, Univ. of.....Apr. 10, 08 | F. Oberschmidt A. C. Perry. 707 East McMillan Street, 
| Cincinnati, О. 
Clemson Agricultural Col- 


lege................Nov. 8, '12 | W. E. Blake F. L. Bunker, Clemson College, S. C. 
Colorado State Agricul- 
tural College........ Feb. 11, '10 | G. M. Strecker Е. O. Marks, Colorado State Agricul- 


tural College, Fort Collins, Colo. 
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., Dec. 
Georgia School of Tech- 


Colorado, Univ. of.. 
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Highland Park College..Oct 
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Iowa State College...... Apr 
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Kentucky State, Univ. ofOct. 
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Lewis Institute........ Nov 
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Montana State Col..... May 
Nebraska, Univ. of... .. Apr. 
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North Carolina Col. of A; 


and Mech. Arts...... : 
North Carolina, Univ. of. Oct. 


Ohio Northern Univ... . Feb. 


Ohio State Univ........ Dec 
Oklahoma, кешиги! апа 
Mech. Col . Oct. 
Oklahoma, Univ. of... . Oct. 
Oregon, Agr. Со.,...... Mar. 
Penn State College... . Бес. 
Pittsburgh, Univ. of,. . Feb. 


Purdue Univ.,......... an. 


Rensselaer Poly. Inst... DUM, 
Rose Polytechnic Inst.,. Nov. 
Rhode Island State Col.Mar. 
Stanford Univ.......... Dec. 
Syracuse Univ.,........ Feb. 
Texas, Univ. of........ Feb. 
Throop College of Tech- 
nology.............. Oct. 
Ува Polytechnic Insti- 

EA thank РИ Jan. 
Virginia, Univ. of....... Feb. 
Wash. State Col. of... . Dec. 
Washington Univ...... . Feb. 
Washington, Univ. of Dec. 
West Virginia Univ. .... Nov. 
Worcester Poly, Inst.. .. Mar. 
Yale University... .. Oct. 
Total 52. 
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H. W. Stubbs, University of Michigan, 
Ann Arbor, Mich. 


K. Atkinson, University of Missouri, 
Columbia, Mo. 
J. A. Thaler Montana State College. 


Bozeman, Mont. 
V. L. Hollister. Station A. Lincoln, Nebr. 


E. A. Hester, West Raleigh, N. C. 
Mclver, University of North Caro- 
lina, Chapel, Hill N. C. 


W H Oud 426 South Union Street, 
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D. A. Dickey, Ohio State University, 
Columbus, hio. 


W. C. Lane, Oklahoma A. and M. College. 


Stillwater. Okla. 
W. Miller Vernor, Univ. of Oklahoma, 


Norman, Okla. 


. Winfield Eckley, Oregon Agric. College. 


Corvallis, Ore. 
A. C. Horst, State College, Pa. 


| Ralph C. Zindel, University of Pittsburgh, 


Pittsburgh, Pa. 
R. E. Tafel, Purdue Univ., Lafayette, Ind . 
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Warren F. Turner 


Charles E. Seifert’ 
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W. P. 
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Graham 


R. S. Ferguson 


M. F. Peake 

W. S.' Rodman 
M. K. Akers 

C. C. Hardy 

H. W. McRobbie 
H. C. Schramm 
R. M. Thackeray 
Vonder Smith 


stitute, Troy. N. Y. 

F. Edward Bundy, 1103 N. 8th Street, 
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lege, Kingston, R. I. 
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. A. Porter, Syracuse University, Syra- 
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J.A . Correll, Univ. of Texas, Austin, Tex. 
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FOUNDATIONS FOR TRANSMISSION LINE, AND 
TOWER ERECTION 
V—TORONTO POWER COMPANY 


BY F. C. CONNERY 


ABSTRACT OF PAPER 


There is a broad field open for designing and construction 
engineers in the design and construction of transmission towers 
and foundations. The purpose of the paper is to present a 
brief explanation of the types of towers, tower foundations, etc. 
along with a few details of field practise used in connection with 
the construction of two lines of towers carrying six 190,000-cir. 
mil, seven-strand copper conductors between Niagara Falls and 
Toronto, Ontario. 

The question of dispensing with massive concrete foundations 
for towers is dealt with, and a number of alternatives are pre- 
sented for consideration. 


HE following notes relate to the old and new 60,000-volt 
lines of the Toronto Power Company, between Niagara 
Falls and Toronto. 

There are several types of towers and foundations used on these 
lines which are outlined in Figs. 1 to 5 inclusive. Figs. 6, 7,8, 
9 and 14, are reproduced from photographs showing various 
features of interest of certain of these towers. 

Towers enumerated above, with the exception of that ot Fig. 
‚3, are designed to carry two circuits of 190-000-cir. mil seven- 
strand copper cable, for 60,000-volt transmission; pin-type insu- 
lators are used. The tower of Fig. 3 is designed to carry four 
circuits of the same size conductor. 

The writer will endeavor to give, from a practical viewpoint, 
a brief explanation of a few of the foundations used with the 
above mentioned towers. 

Fig. 10, shows foundations used in connection with tower 
marked Fig. 1. About 100 sets of these footings have been dug 
up after being in use seven years, and in no instance has the 
galvanizing deteriorated, and the 3 by 6 by 24-in. impregnated 
wooden blocks, with a few exceptions, were in a fair state of 
preservation. These foundations were located in various kinds 
of soil. 
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In connection with the tower shown in Fig. 2, we did not use 
impregnated blocks, nor were any precautions taken, other than 
the hot-galvanizing, to prevent corrosion of the steel. Six of 
these towers were erected in low marshy black-muck, no resist- 
ance being encountered with borings at 40 ft. 
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Fic. 1— STANDARD TOWER WITH GROUND SPIRE 


A two-inch plank sheathing was driven around each tower-leg 
location, the muck dug out and a floating foundation built six 
feet below the ground surface; this consisted of impregnated two- 
inch planking, the footings being set in concrete, approximately 
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one yard of cement being placed around and under each stub, 
the excavations being 30 in. by 30 in. by 6ft. These towers have 
been erected for one year and have neither settled nor gotten out 
of alignment. 

I may say that great care was taken in connection with the 
locating of towers, so as to avoid, where possible, soft marshy 
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soil and also to equalize the grade. Tower footings in gravel, 
or a mixture of sand and loam packed tightly, offer a great 
resistance against upward pull. 

À number of towers of the type marked Fig. 2, were erected in 
rock. "This rock was thinly stratified and was easily excavated 
to a depth of three feet. The stubs were cut down to 3 ft. 6 in., 
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and were concreted in with a one-to-four mixture. This con- 
struction has provea atisfactory. | 
In Figs. 6 to 9, аге ‘own а type of narrow-base latticed tower. 
The foundations for se were built in two ways. 
(а) Afoundation61 by 6 ft. by 6 ft. with twelve 11-in. anchor 


Кетели ees c. e ——— ақылды ves 


Fic. 4—ANGLE TOWER FOR ANGLES TO 60 DEGREES 


bolts 5 ft. 6 іп. long. This was a one-three-five concrete mixture. 
(b) Foundations 6 ft. by 6 ft. and varying in depths were 
built in the following manner: 
Excavation was taken out, copper grounding-ribbon placed, 
and 12 inches of one-three-five concrete placed and tamped. 
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No anchor bolts were used, but the tower was erected on this 
12-in. base, and then the excavation filled with one-three-five 
concrete. This method being used on account of the variation 
in the dimension of the bases of these towers. Minimum depth 


6 ft. 
T cU 21 0075 Construction of Footing. (Fig. 3) 
А Eleven of the above footings were 
X > 29 constructed in the waters of Lake 
= |- = a Ontario at Burlington Beach, Ontario, 
' N > the mean depth of water being about 
ñ 574 A double coffer-dam was built of 
Y—]| — d 2 by 8-in. tongued and grooved spruce, 
I driven to a depth of 10 feet below 
! 720' Ее the lake bottom by а small steam 
$ hammer. The water was pumped 
р < out, and sand and gravel excavated 
i to a depth of six feet below the lake 
| bottom where very coarse gravel was 
| |^ « encountered. 
E 3 The foundations were then con- 
1 |^ « structed as shown, the spruce sheeting 
2 < > being left in to protect against scour- . 
T | > < ing. After the foundations were com- 
! L^ M plete, a tallis of 10-inch rock, each 
| | piece weighing from 500 to 1500 1b. 
| N и was built around the two outer foot- 
| № 271 ings of each foundation for extra pro- 
L tection, the location of these towers 
| being on a shore where storms from 
| 7 NJ the East are very prevalent. 
/ NI Method of Setting Stubs. Fig. 15 
shows the template used with success 
y @Z ' 


in the setting of stubs. This tem- 
Fic. 5—Heavy 75-Еоот plate was carried by the setting-gang, 
SIRAIN TOWER lined up on the center line stakes and 
levelled by the gang foreman by means 

of a carpenters level, and then blocked up and checked. 

The stubs were bolted to the template and the filling in of holes 
proceeded with. One man back-filled while two men tamped. 
Special attention on the part of the foreman should be given to 
the tamping, as workmen are apt to do this in a careless manner. 
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Where water was available it was used to settle the back-filling. 
The towers were assembled at the locations where they were 
to be erected, and were erected with a shear-leg outfit. From 


eight to twelve towers of the type marked Fig. 2 were erected . 


in one day by eight men and one team. 

The writer has used portable derricks, gin-poles, etc. for erect- 
ing towers, and can say that the shear-leg method is the most 
efficient, except where cramped for room, when the gin-pole 
should be used. 

The shear-legs used, were constructed in the following manner: 
two pieces of 6-in. by 8-in. clear Georgia-pine, 34 ft. long were 
bolted together with a 1-in. by 14-in. through bolt, 14 inches from 
the top. This along with a set of 12-in. triple blocks, hand-lines, 
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anchor-pins, etc., makes a cheap and serviceable erecting outfit. 
The above outfit was used in the erection of a line of 928 towers 
averaging 21 tons each, and only one mishap occurred, this being 
caused by negligence on the part of the foreman in charge, and 
was in connection with the first tower erected on the line. 


NOTES ON Guy ANCHORS 


Patent anchors for guying should not be used other than for 
light construction. In light soil, an old fashioned slug, or dead- 
man, gives the best results. All guys should be periodically 
inspected and tightened up. When more than one guy is used 
on a pole, galvanized turnbuckles should be used to obtain best 
results. 
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From observations extending over ten years, I would say that 
fully 40 per cent of the guys in use are inefficient, this condition 
being due to lack of inspection. To obtain the best results in 
guying, the anchor should be placed at a distance from the base 
of the pole equal to one third the height. 

In using rock-bolts for anchoring, care should be taken, if the 
rock 1s covered with a layer of earth, to place the anchor so that , 
the ring is just above the surface of the rock; then fasten a long 
link to the ring, and guy to this. This method will give much 
better results than if the ring had been left above the surface of 
the ground and guy attached to it, as the anchor rod will bend 
in the latter case. These rock-bolts should be grouted in with 
hot brimstone. 

We are now designing tower footings which include the follow- 
ing points which we submit for consideration and discussion: 

(1) A modification of an ordinary screw-type guy anchor, 
similar to the Matthews or Stombaugh anchor, with the top ot the 
anchor rod shaped to take the tower leg; this for towers of light 
wind-mill type. ` 

(2) For heavy anchor, long-span, towers, etc. А large foot- 
plate supported on a shallow concrete footing sufficient to give a 
good bearing, and an anchor similar to those mentioned above, 
with the exception that the end of the bolt will be threaded to 
take a nut and locknut. 

(3) For extra heavy, or four-circuit towers. A large section 
screw-pile with top plate to which the tower foot plate can be 
bolted. 

We also offer for consideration, the question of threading an 
ordinary wooden pile. There are locations on almost every line 
where marshy land or muskeg is encountered, and it 1s usually a 
very expensive operation to use a pile driving outfit in these 
locations. | 

In connection with this method, we have found that it is not 
necessary to drive a pile to refusal to obtain a good footing for a 
standard tower, as there 15 sufficient skin friction developed by 
the pile in the upper layers of the ground to give satisfactory 
results.  Twenty-five-foot piles have been found satisfactory 
in very swampy ground, where borings had been taken to a depth 
of forty feet without striking firm soil. 
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THE EFFECTIVE ILLUMINATION OF STREETS 


BY PRESTON s. MILLAR 


ee 


llluminants аге given. The appendix 
Includes Statistics and photographs of some very recent installa- 


MPROVEMENT іп street lighting Involves (1) larger 
municipa] appropriations; (2) more efficient lamps and 


` of light. Use of the Streets at night is becoming more genera] 
throughout a Breater number of hours. Requirements for 
good street lighting are becoming greater as traffic becomes 
denser and as traffic speed increases. Also the advertising value 
of extensively employed light is commanding appreciation in 


With no increase in lighting efficiency and ПО greater skill in 
application usually Improves conditions. The greatest single 
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magnetite arc lamp having progressed contemporaneously. 
At the present time in the magnetite lamp of medium and 
high power, in the Mazda C lamp of low, medium and high 
power, and in the flame arc lamp of high power there are avail- 
able illuminants having efficiencies four or five times greater 
than those of various types of enclosed carbon arc lamps which 
were the principal street illuminants in this country a few 
years ago. Some advance has been made also in the design 
of lamp equipments, notable among which are the prismatic 
refractor and a variety of light-density translucent glassware 
which combines fairly good diffusion with high transmission. 
These improvements in the materials of street illumination 
combined with the increased sums which municipalities are 
appropriating make possible a very general improvement in 
street lighting. 

Skill in Application. Recently installed systems are almost 
invariably superior to the systems which they replace. Usually 
the improvement is due in part to greater skill on the part of 
the engineers in charge. City engineers, central station en- 
gineers and manufacturers are better acquainted with the 
problems and have acquired more skill in meeting them. The 
result is street illumination of greater effectiveness. Notwith- 
standing this advance there are but few principles of street 
illumination which are regarded as thoroughly established. 
Although the subject has received perhaps more than a fair 
share of discussion and study, it 1s still enveloped in much un- 
certainty. In the literature and in practise there is much which 
indicates differences of opinion in regard to principles of funda- 
mental importance. It must be admitted that progress in the 
conception of correct principles is slow. Yet there is progress, 
and it may be that by the time most street lighting is made 
good, those of us who talk and write of the principles may reach 
an agreement as to what constitutes good street lighting. 

It is the purpose of this paper to discuss the variables of 
street illumination and the principles underlying the best use 
of modern illuminants and accessories under modern conditions 
in this country. We shall consider therefore matters pertain- 
ing more especially to the third factor entering into improve- 
ment in street illumination as enumerated in the first paragraph.* 


"This paper may be regarded as a continuation of the discussion pre- 
sented by the author before the 1910 convention of the Illuminating 
Engineering Society under the title “ Some Neglected Considerations 
Pertaining to Street Illumination." 
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CLASSIFICATION OF STREETS 


For the purposes of this discussion the following classifica- 
tion of streets is adopted: 


CLASS DESCRIPTION 


la Metropolitan thoroughfares of greatest distinction. 
1b Important city streets largely traveled at night. 
2a Business streets not largely traversed at night. 
2b City residential streets. 

3a Suburban residential streets. 

3b Suburban thoroughfares. 


It will be apparent that requirements for street illumination 
are diverse as among these different classes of streets. For 
example, the la class of streets is distinguished by a require- 
ment for dignified, pleasing fixtures and for lamps and illum- 
ination which should be of fairly high intensity, lighting building 
fronts as well as street. Streets of the 10 class are likely to be 
characterized by much show-window and sign lighting which 
augments the street illumination during the hours of greatest 
traffic. Here intensities are likely to be highest, and the ordi- 
nary fundamental requirements of street lighting are supple- 
mented by the desirability for recognizing acquaintances in the 
passing throng and for detailed vision, approaching that com- 
mon to interiors at night. 

In streets of the 2a class a moderate intensity of illumination 
which lights building fronts as well as street is customary. 
Policing purposes and good seeing conditions for the occasional 
pedestrian are the principal desiderata. In streets of the 20 
class it 1s usually desirable to keep the light upon the street 
surface, avoiding brilliant illumination of the upper stories of 
residence fronts and providing fairly good lighting for the low 
density vehicular and pedestrian traffic. 

In streets of the 3a class it is likewise desirable to keep the 
light upon the street, illuminating the sidewalks well to serve 
the purposes of pedestrians. In streets of the 36 class, which 
are the important automobile highways connecting populous 
centers, the principal requirement is that of the automobile 
driver. Here the most difficult problems of street illumination 
are encountered. 

The discussion in this paper is applicable in varying degree 
to streets of these six classes. 
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OBJECTS OF STREET ILLUMINATION 


From several points of view the objects of street illum- 
ination may be stated in somewhat different ways. The point 
of view of the motorist differs from that of the pedestrian which 
in turn differs from that of the police commissioner and from 
that of the merchant. When, however, one assembles the con- 
siderations growing out of all these several viewpoints, those of 
first importance appcar to fall within the comprehensive classi- 
fication presented by the National Electric Light Association 
Street Lighting Committee in 1914 which is as follows: 


Fundamental Purposes to be Served by Street Illumination. 

1. Discernment of large objects in the street and on the sidewalks. 

2. Discernment of surface irregularities in the street and on the side- 
walks. 

3. Good general appearance of the lighted street. 


It would appear that in proportion as these three purposes 
are served the street illumination will be regarded as satis- 
factory, and it may be concluded that no street lighting in- 
stallation which serves these three purposes reasonably well 
can be regarded as unsatisfactory. The weight to be given 
each wil vary in differe& streets though in a general way it 
is probable that the wie de are served in the order named. 
It is possible to install at a low cost a system which will reveal 
large objects (purpose No. 1) while failing to serve the two 
other purposes. With increased appropriations, or more ef- 
ficient illuminants, large objects may be revealed to better 
advantage and surface irregularities (purpose No. 2) may also 
be revealed although the third object may not be served. With 
still larger appropriations and still more efficient illuminants, 
discernment may be improved and a pleasing appearance for 
the street (purpose No. 3) by day as well as by night may be 
had. All three objects may be served when appropriations are 
adequate. : 


t 


PROCESSES OF SEEING 


In streets at night objects are seen by reason of contour, re- 
lief, shadow or color. 

We perceive the contour of objects when they are markedly 
different in brightness from their background. Since most 
large objects on the street at night are darker than their back- 
ground we perceive them usually as silhouettes. 

Contrasts in relief are perceived when the exposed surface 
of an adequately illuminated object presents areas of different 
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reflecting powers, ог elements which аге more or less favorably 
inclined with respect to incident light, or elements which lie 
in the shadow of other elements of the surface. 

We may perceive small objects by reason of their shadows 
occasioned by the interception of sharply inclined rays of light. 
Shadows of large objects are not always of value in promoting 
discernment and are often misleading as in case of the shadow 
of a telegraph pole thrown across the sidewalk. 

Color contrasts are not usually relied upon since in installa- 
tions where discernment is at all difficult, color is usually lost 
and objects are perceived more readily by other means. 

The several kinds of contrast perception are suggested in 
Figs. 1А and 1B, made from a series of photographs of test tar- 
gets. These have been located successively in six representa- 
tive positions between lamps in the street shown in Figs. 8 
and 9. Fig. la shows the lighting effects by the centrally mount- 
ed lamps shown in Fig. 8. Fig. 1B corresponds with Fig. 9. 
The targets are substantially. the same color as the street sur- 
face. It 15 to be noted that those which are most clearly re- 
vealed receive the least light and are silhouetted against their 
background. Those least distinctly revealed receive on the 
observed surfaces about the same light as their background. 

Contrast perception is the ruling visual process with which 
street illuminations is concerned. To increase contrasts on 
surfaces to be seen is to better conditions for vision. 


SOME CONSIDERATIONS WHICH ARE OFTEN IGNORED 


In much of the literature of street illumination, curves of 
illumination intensity form the principal basis of judgment 
as to effectiveness. There is a tendency to over-emphasize 
the importance of incident light to the prejudice of other im- 
portant considerations. Three of the principal considerations 
which are not emphasized directly by study of illumination 
intensity curves are presented in the following paragraphs. 

Silhouette Effect.* When the writer directed attention to 
the silhouette effect in 1910, there existed but little apprecia- 
tion of its importance. During the five years which have 
intervened there has gradually developed a greater apprecia- 
tion of the extent to which it enters into conditions of visibility 
in street illumination. Yet its very general applicability even 


*An Unrecognized Aspect of Street Illumination. Millar, Trans- 
actions I. E. 5., 1910, page 546, 
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now is unrecognized by some engineers. There is an impression 
that only in lighting of very low intensity is it the prevailing 
method of discernment. As a matter of fact the silhouette 
effect is pronounced. whenever there are bright street or build- 
ing backgrounds. А photographic under-exposure of any 
street in the daytime shows objects as silhouettes. The casual 
glance of an automobile driver corresponds roughly with such 
an under-exposure. The majority of observations of large 
objects on the streets in our more intensely lighted thorough- 
fares, especially in the practise of automobile drivers, falls 
under this heading, because a driver is concerned primarily 
with avoiding obstacles and usually looks carefully enough only 
to detect the presence of pedestrians and other objects. Usually 
he sees these as dark objects silhouetted against the lighter 


0.6 


0.000020 05 


CM 


---- Horizontal Intensity 
—— Effective” Brightness 


0.000016 404 
> 


CANDLE POWER PER SQ 
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street surface or building surfaces. The pedestrian too obtains 
distant views of large objects as silhouettes, but as he moves 
‘more slowly and approaches objects more closely, he has op- 
portunity for closer observation, and in the more brightly 
lighted streets supplements discernment by silhouette with 
actual observation of surfaces in relief. 

Figs. 54 and 5в show illustrations made from the original sil- 
houette photograph illustrating the importance of this effect 
in street lighting. | 

Nature of Street Pavement. Modern streets which require 
greatest care in lighting are traversed by automobiles. The 
majority of them are paved with asphalt, asphalt block, wooden 
block, treated macadam, etc. As a result of automobile traffic 
such pavements become oiled and polished. The high spots 
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First, actual diminutions in ability to perceive small con- 
trasts in the presence of a bright hght source. 

Second, distraction of attention as a result of which small 
contrasts may not be perceived when viewed casually. 

Third, a temporary dazzling effect which persists for a few 
moments after a bright light source is viewed directly. 

Figs. 5A and 5s illustrate the effect of glare. In Fig.5a the 
nearby light source is removed. In Fig. 5B the presence of the 
light source distracts attention from the automobile and the 
view is rendered less pleasant. In fact there is a little dis- 
comfort involved in looking at the automobile. Nevertheless 
if one deliberately dispells the idea of the glaring source from 
his mind and concentrates on the automobile, it can be seen 
just as well in either illustration. These pictures further dlus- 
trate the importance’ of securing adequate separation between 
the light source and the observed object, the distraction due 
to the light source being greater relatively when the picture is 
held at a distance from the eye and the visual angle between the 
source and object is decreased. 

If a single brilliant light source, as a bare Mazda C lamp 
is located over a dirt road in the country, the glare is very 
bad. If the lamp is raised to a greater height or moved to one 
side of the road, or if the lamp is enclosed in a diffusing globe, 
the glare is lessened. If a umber of additional lamps аге 
strung beyond it along the road, the glare is further reduced. 
If the lamps, instead of being located over a dirt road, are 
located over a treated macadam road, or better still, over an 
asphalt road, the glare is less serious. Light ‘colored build- 
ings along the street also assist reducing the glare. In short, 
anything which reduces the contrast between the light source 
and the road surface, or which increases the illuminated area 
within view, or which separates the bright light source from 
the road surface, reduces the effect of glare. 

Sweet in 1910* studied that part of the effect of glare which 
is a measureable reduction in the ability to see, using a single 
light source in a dark room. He found under these exagger- 
ated conditions that a large reduction in visual power could be 
traced to the presence of a bright light source close to the center 
of the field of vision. Іп 19141 working with others on the 

*" An Analysis of Illumination Requirements in Street Lighting” 


Journal of Franklin Institute, 1910. 
{Electrical Review and Western Electrician, March 6th, 1915. 
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campus of the University of Wisconsin, he pursued his re- 
searches, and has given preliminary publication to some very 
interesting results. In this latter research he employed from 
two to four lamps mounted at various heights and with various 
spacing intervals over a dirt road about 350 feet long. It is not 
proposed at this time to enter into a discussion of these tests, but 
it may be noted that the only conclusions which they can in- 
dicate are those which would apply to a short stretch of dirt road. 
The modifications introduced by street pavements of better re- 
flecting qualities, by building along the street, and by a greater 
length of illuminated street, have no part in this research. This 
is a serious limitation, because the effect of glare in street light- 
ing 1s very largely reduced by each of these three factors. The 
two researches make available valuable information which has its 
bearing upon street lighting principles. If, however, the data are 
considered without due regard to the limitations under which 
the tests were made, there is danger of forming an exaggerated 
idea of the importance of adopting measures which will reduce 
the effect of glare by decreasing the brightness of light sources 
to low values. Since the problem is really one of reducing 
contrast between the light source and the illuminated surfaces, 
the more constructive way of accomplishing the desired end 
is to increase the brightness of the illuminated surfaces rather 
than to dim the light sources unduly. Excessive brightness of 
light sources must of course be reduced. It is common ex- 
perience that a simple diffusing globe accomplishes this reason- 
ably well under most conditions. Too great reduction in the 
brightness of the light source is unsatisfactory psychologically. 
We like a bright light source—we are dissatisfied with illumina- 
tion in which a bright light source is not visible. Therefore 
the thing to do is to eliminate glare by increasing the bright- 
ness of the street surface, and where desirable, that of surround- 
ings, and by reducing the brightness of the light sources moder- 
ately throughout the angles at which they are, viewed. 

With these considerations concerning the importance of the 
silhouette effect, specular reflection from pavements and glare 
well in mind, we may proceed to a discussion of the variables 
of street illumination and of the several factors which the en- 
gineer must study in planning a street lighting installation. 


ILLUMINATION VARIABLES 


The effectiveness of street illumination depends upon the 
following: 
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Intensity of Light upon the Street. There is no single measure 
of intensity which serves all purposes. The average horizontal 
intensity upon the street surface is most nearly satisfactory. 

Brightness of Street Surface. Adopting automobilist's view- 
point as to angle and direction. 

Relation between Lamps and Street Surface. Visual angle be- 
tween the two, and extremes of contrast encountered. 

Contrasts Produced on the Street Surface and on Objects on the 
Street. This is largely a function of the direction of the light. 

Portion of Total Field of View Illuminated. This may be 
affected either by the number of lighted lamps within view or 
by the area of surface which is illuminated. 

Appearance of Installation and of Street by Day and by Night. 
Lamps, fixtures, light distribution, etc. 


INSTALLATION FACTORS 


Each of the foregoing variables upon which street lighting 
effectiveness depends is affected by four or more principal in- 
stallation factors. These are listed in the first column of 
Table 1, in which the variables are given as column headings. 
The purpose in presenting this table is to emphasize the com- 
plexity of the street illumination problem and to indicate the 
manner in which the several elements are interconnected. Con- 
sider, for example, street surface brightness as a variable in street 
illumination. The table indicates that brightness depends 
upon the power of the lighting units, the number of lighting 
units per mile, the kind of lighting accessories employed, the 
location of lighting units, the nature of the street pavement 
and the nature of the surroundings. Alteration in any one of 
these conditions may influence the brightness of the street and 
therefore the effectiveness of the street illumination. An en- 
gineer who considers any one installation condition must ap- 
preciate that his decision may be far-reaching in its influence 
upon the effectiveness of the lighting, since every installation 
factor influences a number of these variables. Every street 
presents its own problems, and the utmost effectiveness of 
street illumination for a given expenditure is had when each 
factor is applied with due regard to the relations set forth in 
this table. 

In attempting to discuss these several elements of the prob- 
lem it is necessary to generalize, and this in spite of the fact 
that the great differences in streets of the several classes listed 
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on page 1381 makes generalization difficult. Nevertheless it 
is hoped that a general discussion of the influence of each 
factor upon the several variables will be of value, particularly 
since it is proposed to note principally those features in which 
recent experience has suggested some new consideration. 


SIZE OF LIGHTING UNITS AND SPACING INTERVALS 


Power of Lighting Unit. There is now a general tendency 
toward the adoption of more powerful lamps of one of the three 
types listed in Table II. Thesedata are available through the 
courtesy of the Lamp Committee of the Association of Edison 
Illuminating Companies; in large measure they are authorita- 
tive for lamps of the period stated and equipped as indicated. 
Of the above illuminants the flame arc lamp and the multiple 
Mazda C lamp depreciate in candlepower 20 to 25 per cent 
throughout life. The magnetite lamp and the series Mazda C 
lamps do not change materially throughout life. 

Large Versus Small Illuminants. The cluster of lamps em- 
ployed so largely in “ ornamental or white way" lighting dur- 
ing the past five years has yielded favor in most recent installa- 
tions to the single illuminant or less frequently to twin illum- 
inants on one post. 

The effectiveness of the light, other things being equal, is 
dependent upon the choice as between many small lighting 
units and few large lighting units. In favor of the small illum’- 
nants it is urged that greater uniformity results from their 
use; that they may be mounted lower, thus avoiding shadows 
from trees, etc; and it is added that when small illuminants 
are mounted low, a larger percentage of their total flux is dis- 
tributed over the street surface. On the other hand, it is argued 
in favor of large illuminants that they are relatively less costly 
per mile, and that usually the appearance of a street lighted 
by them is more pleasing. 

There are two considerations not usually urged in this con- 
nection. The first is discussed in more detail under the sub- 
ject of location of lighting units. Large illuminants are favored 
from this viewpoint because they may be placed well out over 
the middle of the street, where the specular reflection from 
street surfaces allows the light to be applied in a more favor- 
able direction than that from small illuminants which usually 
are mounted low over the curb. Fig. 11 is an excellent illus- 
tration of the advantageous use of large units in lighting a country 


1392 MILLAR: ILLUMINATION OF STREETS [June 30 


= 


A—Flame Arc Lamp. Clear Globes 


= 


B— Magnetite Reflector and 
Clear Globe 


= 
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road. The lamps are placed 500 to 900 feet apart and 18 to 
25 feet high. The effect is good for automobile driving pur- 
poses. An example of ineffective use of small illuminants will 
occur to all who can visualize a wide, wet street with lamps 
over both curbs. The lighting of the street surface consists 
of a few bright streaks near the curbs, while the middle of the 
street is dark. Fig. 6 illustrates this effect upon a dry pave- 
ment. As modern street pavements are extended, and auto- 
mobile traffic increases, the advantages of mounting lamps well 
over the center of the street tend to increase, and the disad- 
vantages of small illuminants mounted low over the curbs 
tend to become more apparent. 

The second consideration was brought out prominently last 
year by the Street Lighting Committees of the National Electric 
Light Association and the Association of Edison Illuminating 
Companies. It was shown that within reasonable limits, uni- 
directional light is to be preferred to multi-directional light 
because it enhances contrasts upon which discernment is de- 
pendent. Objects and surface irregularities are seen more 
surely by uni-directional light than by light coming from a 
number of directions. From this it follows that, other things 
being equal, the revealing power of a few large illuminants is 
greater than that of many small illuminants, especially if the 
latter are staggered along both curbs. 

While these considerations do not clearly indicate the de- 
sirability of large units, they do add weight to the arguments 
in their favor. 


LIGHTING ACCESSORIES 


Improved Distribution. The most desirable distribution of 
light depends largely on the nature of the street surface and on ` 
the character of the street. Hence there is no such thing as 
a correct distribution characteristic for all street lighting. The 
prismatic refractor is successful in providing a distribution 
characteristic which for a vertical plane conforms to the theo- 
retical requirements as laid down by some engineers. In other 
forms it will doubtless provide different distributions as re- 
quired. It is an admirable device so far as re-direction of 
light is concerned. However, it is objectionable in some forms 
because of excessive brightness, due to its small size. Also 
when combined with the casings with which it is usually em- 
ployed, its appearance is not attractive. Probably in the 
evolution of this useful device these objections will be overcome. 
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The same considerations which underlie the design of the 
refractor, namely the desire to increase the intensities on street 
surface at a distance from the lamps, would appear to favor the 
adoption of assymetrical horizontal distributions whereby 
light which normally is delivered upon surfaces lving along the 
sides of the street, is directed upon the street surface. Light- 
ing accessories to accomplish this purpose have been devised 
but thus far have not received the extensive trial which their 
theoretical advantages would appear to warrant. 

Diffusing Globes. The employment of diffusing globes to 
decrease brightness of light sources in the street has become 
more general in recent years. Perhaps the extreme example 
in the way of increased size of such globes is found in the Wash- 
ington, D. C. installation of ornamental magnetite lamps, in 
which 28-inch built up alabaster globes of rather high density 
are employed. (See Fig. 7). As compared with the use of a 
clear globe or of a lamp with no globe, a diffusing globe of fairly 
large size is usually desirable because it improves the appear- 
ance of the lighting unit, renders the appearance of the street 
more pleasing and promotes good conditions of visibility. 

It is desirable to secure the best possible balance between 
low light absorption and good diffusion when selecting diffus- 
ing globes. Test data on these two characteristics are of im- 
portance and should not be neglected. Because of neglect of 
simple and inexpensive tests of commercially available glass- 
ware, globes are being installed which do not accomplish the 
purposes in view so well as would other glassware. These either 
absorb a larger percentage of light than is necessary to secure 
the desired degree of diffusion, or else diffuse less well than need 
_ be, considering the amount of absorption. 

Protection for the Eyes. At first glance it would appear that 
street lighting purposes would be served admirablv by a light- 
ing accessory which would concentrate a large proportion of 
the light flux upon the street surface while directing but little 
light at those angles which fall near the center of a ficld of 
vision in a given installation. However, certain difficultics 
operate against the success of such a scheme. With practic- 
able mounting heights, spacings have to be short if this 1s to be 
successful in illuminating the entire length of the бітесі. The 
general direction of the light in such an installation is much 
more largely downward than is usually the case. Wherever 
there are sufficiently short-interval spacings to allow of such 
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an installation, there usually exists a requirement for lighting 
the building fronts. In such installations the relatively high 
intensities on the street surface, together with the large areas 
of considerable brightness which present themselves to*view, 
render the glare negligible when ordinary diffusing globes are 
used. That is to say, in the only installations where it 1s prac- 
ticable to use such devices, their eccentric distribution char- 
acteristics are unnecessary. Where the surroundings are such 
` that the lighting of building fronts is undesirable or unneces- 
sary, spacings are usually too great to admit of the use of such 
devices, because their illuminating range is too small. Also 
considerations of street surface characteristics, discussed elsc- 
where, suggest that suppression of light at say 80 deg. may do 
more harm by lessening the pavement brightness than can be 
compensated by decreased brightness of source. 


LOCATION OF LIGHTING UNITS 


Comprchended under this heading fall such subjects as 
height, transverse location and spacing. In most city installa- 
tions these aspects are standardized for a particular strect. 
In lighting of interurban roadways, lamps are sometimes located 
in accordance with best judgment, varying considerably in all 
these particulars. 

Location Transverse of Street. As between center and curb 
locations there is a considerable difference. In the first place 
with lamps located over each curb, the street appears much 
wider, as is illustrated bv a comparison of Figs. 8 and 9 which 
are alternate test installations of the N. Е. L. A. and A. E. I. C. 
Street Lighting Committecs. 

In the lighting of important city streets this 1s usually a de- 
sirable condition. The lamps mounted over the curbs likewise 
illuminate the sidewalks and the fronts of buildings better 
(See Figs. 16 and 19). When, however, the lighting of the 
roadway becomes of first importance, as in streets of the 3) 
class, the best use may be made of the light by locating the 
lamps as nearly as practicable over the roadway so as to take 
full advantage of all specular reflection from the street surface. 
(See Figs. 11 and 6). 

Height. In regard to heights of lamps there is also a wide 
difference in requirements, depending upon the character of 
the street. In some of the latest practise, powerful lamps are 
located 14 to 18 fect over the curbs on business streets. These, 
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however, are backed by light colored buildings and the entire 
surrounding is so brightly lighted that the glare is not bad. 
With lamps over the middle of the street the background is 
usually the dark sky, and usually there are not light colored 
buildings to relieve the general darkness. Under these con- 
ditions the opportunity for glare to become serious is con- 
siderable and it is therefore necessary to locate the lamps rather 
high. The improvement realized in increasing the height of 
lamps of moderate power from 18 to 20 feet is considerable, 
while the improvement in increasing the height from say 27 
to 30 feet is not very great. The curve of glare falls off rapidly 
with increasing separation when the separation between the 
light source and the observed surface is only a few degrces. 
Around a lamp which has a dark background there is a zone 
of halation within which objects tend to become invisible. 
Once outside this zone, the glare effect falls off less rapidly. 
It is very important to mount the lamps high enough to insure 
that the separation from the street surface is at least sufficient 
to avoid this zone of serious glare. 

Power of Unit as Related to Glare. Other things being equal, 
the objectionable effects of glare are greater when the light- 
ing units are more powerful. Hence it is approved practise 
to mount the more powerful units higher than less powerful units. 

Such a lack of separation is responsible for the serious glare 
illustrated іп Fig. 10. Ап arc lamp is located over the inside 
of a curve in a road obscuring the roadway beyond. The angle 
of separation between lamp and roadway is about 3 degrees. 
Fig. 11 shows the same road but with a lamp located over the 
outside of the curve and separated from the distant roadway 
by about 20 degrees when viewed as in driving. It must be 
recognized that a bright light source obscures its immediate 
background. This obscuration is greater if the light source is 
brighter or more powerful, and is less if the background 1$ 
brighter. In country roads or park drive lighting such obscuration 
is often very serious. The illustrations in Figs. 10 and 11 
indicate one good way of overcoming this difficulty. Recog- 
nizing the truth that under such conditions the bright light 
sources will obscure a certain region of the field of view, the 
source is so located that the background which it obscures 
is one which it is not important to see and that the surface 
which it is desired to see is sufficiently separated from the 
glaring light source to avoid difficulty. 
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Fic. 10—Vigw oF COUNTRY AUTOMOBILE ROAD. LAMP WRONGLY 
LOCATED ON INSIDE OF CURVE. GLARE OBSCURES VIEW OF ROAD BEYOND 
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Fic. 11—VIEW OF SAME ROAD SHOWN IN FIGURE 10. LAMP ON SIDE 

OF CURVE REPLACED BY LAMP IN THE LEFT OF VIEW. CHANGE OF LOCA- 

TION ENABLES ROADWAY TO BE SEEN. NOTE SPECULAR REFLECTION 

FROM ROADWAY DUE TO LAMPS 600 AND 1009 FEET Away. EXCELLENT 

CONDITIONS FOR DRIVING WITH LARGE ILLUMINANTS (MAGNETITE ARC 
LAMPS WITH REFRACTORS) WIDELY SPACED 


PLATE LXXXVI 
А.Е. E. 
VOL. XXXI/, NO. 7 
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Fic. 13—CARLISLE, PA. 600-ср. MAZDA С LAMPs IN PRISMATIC RE- 
FRACTOR UNITS, SPACING 250 TO 500 FT., HEIGHT 18 TO 22 FT. 
Photograph by courtesy Edison Lamp Works. 


[MILLAR] 
Fic. 14—FOURTEENTH STREET, WASHINGTON, D.C. 100-ср. Mazpa 
С LAMPS ABOUT 10 FT. ABOVE CURBS, SPACED AT INTERVALS OF 80 ЕТ. 


ALONG BEACH CURB 
Photograph by courtesy W. C. Allen, Electrical Engineer, Distyiet of Columbia. 


[MILLAR | 

Fic. 15—LAKE AVENUE, ROCHESTER. 

500-wArT Mazpa C Lamps, MOUNTED 

17} Ет. ABOVE CURB, SPACED АТ AVER 
AGE INTERVALS OF 225 FT. 

Photograph by courtesy 


and Light Company. 


Rochester Railway 


PLATE LXXXVII. 
А. *, Е. E. 
VOL. XXXIV, NO. 7 
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Fic. 18--МАтх STREET, ROCHESTER. 
6.6-AMPERE MAGNETITELAMPS. LOCATED 
143 FT. ABOVE CURB AND SPACED AT 
100-ғт. INTERVALS ALONG EACH CURB 
Photograph by courtesy Rochest Railway 


and Light Company 


PLATE LXXXVIII. 
А. I. E. E. 
VOL. XXXIV, NO. 7 


[MILLAR | 
Fic. 16—FIFTH AVENUE, NEW York. 400-watt Mapza C Lamps 
ON TWIN Posts, MOUNTED 19 FT. ABOVE CURB AND SPACED AT ABOUT 
100 FT. INTERVALS ALONG BOTH CuRBS WITH EXTRA LAMPS АТ СЕО55 
STREET INTERSECTIONS 
Photograph by courtesy The New York Edison Company 
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Fic. 17—FEDSERAL STREET, PITTSBURGH. SERIES A-C. FLAME Arc 

LAMPS. WHITE LIGHT CARBONS. Lamps MOUNTED 24 FT. ABOVE CURB 
AND SPACED AT AVERAGE INTERVALS OF 69 FT. 


Digitized by Goegle 


PLATE LXXXIX. 
А. І. E. Е. 
VOL. XXXIV, NO. 7 


[MILLAR} 

Fic. 19—PENNSYLVANIA AVENUE, WASHINGTON, D.C. 6.6-AMPERE 

MAGNETITE LAMPS AS ILLUSTRATED IN FiG. 7. MOUNTED 15 FT. ABOVE 
CURB, SPACED AT 50 rr. INTERVALS ALONG BOTH CURBS 
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[MILLAR ] 
Fic. 20--Ғіғтн AVENUE, PITTSBURGH. 6.6-AMPERE MAGNETITE 
Lamps, MOUNTED 15 FT. ABOVE THE CURB, SPACED AT APPROXIMATELY 
NO FT. INTERVALS ALONG EacH CURB 


Digitized by Google 
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Spacing. All features of an installation should be treated 
in such a way as to avoid dark areas between lamps, coupled 
with low mountings for very bright and powerful lamps. To 
avoid ineffective results due to multi-directional light which 
reduces contrasts, spacings need to be greater when the lamps 
are staggered along both curbs than when they form a line 
along one side or over the middle of the street. The best 
spacing would appear to be contingent upon the kind of pave- 
ment employed and the nature of the surroundings. All the 
other factors should be so handled that in driving, one will 
not encounter the bad condition of a bright light source pre- 
venting an adequate view of the surface of the street beyond it. 

Fig. 12 illustrates the very excellent practise which is some- 
times followed in the City of New York, in locating lamps for 
street lighting. Lamps which are temporarily installed may 
be raised and lowered; those mounted from the mast arm post 
may be placed nearer to or farther from the curb, and those 
in the center parkways may be moved about at will, the posts 
being mounted in rock-ballasted barrels. A crew of men 
locate the lamps in the trial installation as directed by the 
engineers in charge and the locations which appear to give the 
best illuminating effects are arrived at. Photometric tests are 
then made to show the results obtained and to afford a basis 
for the planning of other installations. 


THEORETICAL CONSIDERATIONS WHICH HAVE NOT BEEN 
DEMONSTRATED 


Color. In street illumination where intensities are low, it 
is believed by some engineers that white light is more effective 
than yellow light. According to this view, objects are revealed 
with greater definition; smaller contrasts may be perceived, 
and there is less suggestion of haziness in the atmosphere when 
white light is employed. In accordance with the Purkinje 
effect there would appear to be some basis for this theory, 
since it is well known that at intensities of the order of 0.01 
 foot-candles, we see almost exclusively by rod vision and the 
maximum of the ocular luminosity curve is removed toward 
the blue end of the spectrum. Whether or not this effect is 
present in street lighting is one of the interesting subjects of 
speculation at the present time. 

Whether or not white light possesses advantage for low in- 
tensity street lighting due to ocular peculiarities, it 1s certain 
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that it is preferred by many for high-class street lighting on 
the ground that it is more suitable, pleasing and dignified than 
is yellow light. This is perhaps a matter of color association 
and is surely a matter of taste. It therefore hardly finds place 
in a discussion of this kind, and is merely mentioned in passing. 
“ Animation" of Light Source. It has been suggested that 
the slight fluctuation of lght which characterizes arc lamps 
possesses some advantage for street lighting purposes over 
the steady glow of the incandescent lamp. So far as the writer 
knows, no demonstrations have been undertaken, and it has 
not been shown that this speculation has any basis in fact. 


GENERAL STATUS OF THE PROBLEM OF STREET ILLUMINATION 


There is an important consideration suggested in the first 
paragraph of this paper. As more money is expended on 
street lighting and as more efficient lamps are made available, 
the intensities of light in strects become greater. As the т- 
tensities increase, the requirements for the best possible appli- 
cation of light to promote good visibility conditions become less 
severe and the requirements for application which improve 
the appearance of the street become more urgent. From the 
standpoint of rendering visible the street and objects upon it, 
the lighting of suburban automobile roads where but little money 
is available for installation and operation offers the best test 
for the engineer's skill. In first-class streets we have already 
progressed to the point where aesthetics assume large impor- 
tance. This does not mean, however, that the problems of 
street lighting are becoming less difficult; it means simply that 
the problems are becoming more involved, and broader com- 
prehension of the fundamental principles of street illumination 
is becoming more essential. | 

Appendix. In the appendix will be found some statistics 
of very recent installations in streets of several classes show- 
ing practise in this country as of the early part of 1915. These 
are accompanied by a few illustrations. 

Acknowledgment. The author wishes to express his indebted- 
ness to a number of gentlemen who have kindly supplied some 
of the photographs for illustrations and the statistics which are 
utilized in this paper, and who are too numerous to permit 
of individual mention in this connection. 


Descriptic 
City and Street Width of | Building 
roadway Kiccessories fronts 
in feet | lighted? 
Pittsburgh, Pa. 36 Bu alabast 
Fifth Avenue..... ӘЗЕР. NEN: 
Pittsburgh, Pa. 47 obes 
Federal Street.... 
Chicago, Illinois 42 Buobes Yes. 
Dearborn Street.. 
Rochester, N. Y. 80 Buter globes 
Main Street...... 
Hartford. Conn. 90. ft bet. | Buax, Form 1. 
Main Street...... bldg. lines 
Washington, D. C. 109 A segmented Well 
Pennsylvania Av. aster globe 
e upper, me- 
lower hemi- 
New York, N. Y. 60 BWlarrara glob 
Fifth Avenue. elope Heg: 
(25 to 58 Sts.) 
Corning, N. Y. Rd I. globe and 
Market Street cent glass 
? rs 
Rochester, N. Y. 50 Rdster globes 
Lake Avenue. 
Milwaukee, Wis. 92 Bdalabaster Yes. 
Grand Avenue. s 
New York, N. Y. 80 AW ventilated 
Seventh Ave infight Carrara 
(110 to 136 Sts.) 
*hicago, Illinois 36 Rdobes No. 
4 Troy Street. 
Washington, D. C. 50 ft. Rq Alba globes 
Sixteenth Street. | (160 ft. bet 
bldg. lines). 
ғ | —— 
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THE CLASSIFICATION OF ELECTROMAGNETIC 
MACHINERY 


BY F. CREEDY 


ABSTRACT OF PAPER 

The author proposes to classify all dynamo electric machinery 
according to five sets of characteristics, as follows: 

1. Type of field, as constant intensity, variable intensity, 
multiple polarity and homopolar. f 

2. Method of disposal oí secondary power, which may be zero 
wattloss, utilized in separate apparatus or transformed and re- 
turned to the hne. ` i 

3. Use of commutators, which may be on either the primary 
or the secondary, or may be absent. 

4. Method of magnetization, namely, high frequency magne- 
tization as in the ordinary induction motor and low frequency 
magnetization as in synchronous and compensated motors. 

5. Method of connection. Many types may be connected 
either in series or shunt. A tabulation of these characteristics 
is given, by reference to which any dynamo electric machine can 
be classified. 

HE FOLLOWING paper is an attempt to arrive at a nat- 
ural classification of the electromagnetic machine. One 
of the principal uses of such a classification is to bring out the 
common points of different types which are usually regarded as 
totally distinct even though they are alrhost identical from the 
constructional standpoint, and to reduce their differences to 
proper relative proportions. The disadvantage of a paper on 
classification like the present is, of course, that one 1s reduced toa 
somewhat bare catalogue of possible types and their characteris- 
tics, whereas the real interest of the subject lies in the detailed 
description of the more important ones. We may preface our 
discussion by a few general remarks. 

1. No discussion will be attempted of homopolar machines 
which form a class entirely apart from all others. 

2. While almost all the machines described may be used as 
generator or motor, they will in practise be used only as motors, 
since the requirements of a generator are so uniform that there 
is no scope for a large variety of types, while the infinite . 
variety of industrial work gives rise to a corresponding variety 


of tvpes of motor. In generators the tendency is to uniformity 
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апа іп motors to variety, and hence our subject might almost as 
well be called “ The Classification of Electric Motors.” 

3. For a similar reason, viz., the powerful tendency towards 
standardization, and the necessity for one system of distribution 
catering to a vast variety of applications, together with the 
urgent necessity of economy due to the great length of transmis- 
sion lines, we may dismiss from our minds the likelihood of new 
and more complicated systems of transmission arising, although 
several such are imaginable, and confine our attention to machines 
operating from standard direct-current, single or polyphase 
systems. ! 

4. ОҒ the two distinct constructional forms in use, viz., 
the type having uniformly slotted stator and rotor and a con- 
stant air gap all round, and the salient pole type, we shall consider 
the former as universal and ordinary, and the latter as a special 
case applicable to certain types only. | 

5. In all the discussions below, unless a statement to the con- 
trary is made, we shall treat our machines as “ideal”, 7. е. 
entirely devoid of all losses and leakages. 

6. Theories come and go, while the machines we wish to 
classify remain the same. Our methods of classifications should 
be of a fundamental nature and should not owe their validity to 
the acceptance of a particular theory, nor should they be unin- 
telligible to those who have not gone through a particular course 
of study. They should be based either on constructional fea- 
tures, where these cah be proved to have a general significance 
and not to be accidental, or on mechanical considerations in con- 
nection with torque, power and energy. These considerations 
apply to nomenclature also, and should render us very conserva- 
tive in inventing new names for old apparatus. 

A well understood name, even though based on an obsolete 
theory is usually better than a new name based on a theory which 
may become obsolete in its turn. 

Having cleared the ground by the above considerations we may 
proceed to our main subject. 

We shall regard the induction machine or “ general alternat- 
ing current transformer," as Steinmetz calls it, as fundamental, 
and shall proceed to derive all other types from it. 

Our general dynamo electric machine, then, consists of two 
concentric magnetic elements, separated by an air gap, and capa- 
ble of relative rotation. Each of these elements bears a number 
of conductors disposed next the airgap in slots parallel to the 
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collector , rings (c) fitted with commutator. Every type of 
dynamo electric machine whatsoever with the exception теп- 
tioned above may be built in a form covered by the above de- 


We have next to classify these types of connection and show 
why they are required. In order to do this we must first con- 
sider our electric System as a machine. From the mechanical 


machine. Speed (rev. per sec.) X no. of pole pairs = difference 
between primary and Secondary frequencies (cycles per sec.) 


Or S = W (fi — fa) (1) 
where W is twice the polar pitch. 


These equations show that we cannot tel] the mechanical Speed of 
the rotor unless we know the rotor as well as the stator fre- 


we get T multiplied by mechanical speed equals Г multiplied 


by speed of wave relative to stator minus Г multiplied by speed 


This equation shows that besides the mechanical power and 
the electrical input into the primary, there is a certain amount of 
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power generated in the secondary proportional to the secondary 
frequency. The above simple considerations bring us to our 
first principle of classification. It has been emphasized above 
that the motor is a device for changing electrical power incoming 
from the line into mechanical power, and hence the existence of 
this secondary power raises a series problem—what to do with it. 
We shall classify our machines first according to means adopted 
for disposing of the secondary power. A substantially identical 
principle for adjustable-speed motors may be deduced from the 
equation (1) above. 

This equation shows that the speed can only vary 

1. Ifthe primary frequency varies, 

2. Ifthe secondary frequency varies, 

3. Ifthe number of poles varies, 


and we may classify adjustable speed motors according to which 
of these means 15 adopted to vary the speed. Before proceeding 
further we shall develop a mechanical analogy between our in-. 
duction machines and certain types of epicyclic 
or differential gears which is capable of being car- 
ried into considerable detail, and throws a great 
deal of light on the real nature of many arrange- 
ments of machines. This analogy enables us to 
abstract entirely from the electrical features of the 
problem and consider power and torque alone. рісі 
We shall show also, that we compare the relative 
speed of the two elements of our machine to the speed in revolu- 
tions per second of one shaft of a differential gear, and the 
frequencies іп the two members to the speed of the other two 
shafts, the above relation between speed and frequencies cor- 
responds to that betwcen the speeds of the three independent 
shafts of the differential gear. Such a gear is shown in Fig. 1. 

If the shafts A, Band C' go at speeds of A rev. per sec., B rev. 
per sec., and С” rev. рег sec. respectively, it is well known that 
C’ will be the mean of A and B, or C’ = š (A + B). 

If therefore, we gear another shaft C to the shaft C’ so that 
the speed of C is twice that of С’, or C' = 1C, we shall have 


A 


С= А + В 
В= С- А 
А = С -– В 


Or, in order to introduce a constant, corresponding to the 
_“ number of pole pairs ” in the electric machine, we may sup- 
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pose B or A geared to another shaft by gearing of any desired 


velocity ratio. 


It will be useful to develop 


the analogy between a differential gear and an induction motor 


Somewhat further. 
Primary frequency = 4 


Let us put: 
= speed of driver shaft of differential. 


Mechanical speed = B = Speed of driven shaft of differential. 


Secondary frequency — 
differential. 


C = 


speed of intermediate shaft of 


We then have: B = C — A in both Cases, if we Suppose our 


induction motor has two poles, 


So long as C, the intermediate Speed or secondary frequency, 


ELECTRIC CASE 
Secondary open cincuited. 
Machine can deliver no torque, 

but can run at any speed without 
Opposition, if driven. 


Secondary short circuiled through 
zero resistance. 


Machine can run at same speed 
as A and deliver same amount of 
Power as flows into primary. 

Secondary, netther open nor short. 
cutted but closed through a fixed re- 
` sistance R there being no secondary 
leakage. 


Torque is proportional to the 
secondary current, which is equal 
to the secondary e.m.f., divided 
by the resistance. 


Secondary e.m.f. and, therefore 


current is proportional to second- 


MECHANICAL CASE. 
Shaft C free. 
B can deliver no torque, but 
can run at any speed without 
Opposition if driven. 


C. Fixed. 

B runs at the same Speed as А, 
апа delivers Same amount of 
Power taken in at 4. 

C. neither fixed nor free but its 
power output consumed by a brake 
giving a torque proportional to the 
Speed at which it is driven and con- 
suming power therefore Proportional 
fo the square of the speed. 


The torque of each of the three 
shafts must be equal, for multiply 
the equation B = C — A by the 
torque 7, required by the load, 
and we get: ТВ = T, C — To A. 

This equation can only be con- 
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ELECTRIC CASE MECHANICAL CASE 
ary frequency, or say То = K С sistent with the conservation of 
as in the Mechanical case. energy, if To is also the torque of 
the other two shafts. 


Thus we get B = To — А, In this case: 

K T, B = Output of driven shaft. 
exactly the same torque speed То C = Output of intermediate 
characteristic as in the mechanical shaft. 
case. To A = Input of driver and 


the equation becomes true. : 
If we now put: 

2 Torque of intermediate— Го = 
K C in accordance with the above 
assumption, we clearly determine 
the speeds of all three shafts, for 
we now have 


This is the torque speed char- 
acteristic of our gear. 


According to this analogy, therefore, we may compare any elec- 
tric machine having a simple harmonic wave of flux to a dif- 
ferential gear, the primary input corresponding to the input of 
the driver shaft, the mechanical output corresponding to the 
output of the driven shaft, and the secondary output corres- 
ponding to the output of the intermediate shaft. 

Hence a set consisting of motor and generator may be compared 
to two such differential gears coupled together. 

Now it is well known that no combination of gearing, however 
arranged can give us a smooth and gradual speed change, the 
uttermost possible being a number of steps. Yet certain elec- 
tric machines do give this gradual speed change, since they 
embody a device which we have not yet discussed, viz: a com- 
mutator. The commutator may be regarded as the only practi- 
cal gradually adjustable gear in existence. 

Consider a commutator fitted with a polyphase arrangement 
of brushes as in Fig. 2. If polyphase currents of frequency 
fı cycles per sec. are fed in through the terminals A; А. Аз and 
the commutator revolves with speed 5 revolutions per sec. the 
slip rings B, В. Bs which are supposed to be equal in number to 
the commutator segments, and one being joined to each, will 
deliver polyphase currents of frequency fe = f; + S according 
to whether the commutator revolves with or against the direc- 
tion of rotation of the inflowing current. 
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Hence for the case of а ‘‘ two-pole’’ arrangement of the 
brushes on the commutator, we have 
S = = (fi =f 2) 
This is particularly obvious if fı = 0. If, however, the brushes 
are connected “ four-pole " for instance as shown in Fig. 3, so 
that the slip ring which is connected to a certain segment say, 
goes through a complete cycle while the commutator turns 
through 180 deg. instead of 360 deg., the difference between the 
commutator and slip ring frequencies will be twice as great as 
before, or 2S = + (fi — f»). 


In general if E be the number of pole pairs for which the com- 


mutator brushes are joined 


P 
$ x = + (fi — fe) 
A Al 
411 B 
Bo А2 
Вҙ 
Аз 
А2 
Аз 
Fic. 2 Fic. 3 


exactly the same equation as we had for the induction machine. 


For a two-pole machine > = 1 and for a four-pole machine =2. 


In the commutator frequency converter the whole of the 
power flowing into the commutator flows out of the slip rings, 
notwithstanding any change of frequency, whereas, in the elec- 
tric machine, the power flowing into the primary divides into 
two parts, one part proportional to S appearing in mechanical 
form and the other proportional to fe appearing as electrical 
power in the secondary. From considerations of power, this 
is the outstanding difference between the two cases. 

We may now summarize the results we have already obtained. 

(1) That motor and generator form together with the trans- 
mission line a mechanism in the ordinary sense of word; that is a 
means of modifying motion and force, or in more general lan- 
guage, of changing the flow of energy. 
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(2) That the electrical and mechanical speed-torque charac- 
teristics of the machine are those of a differential gear, there being 


a definite relation, S X > = (fı — fe) between the stator and 


rotor frequency and the mechanical speed which is identical 
with that in a differential gear. The relation between the 
mechanical and electrical speeds s, f, and /, can only be changed 
by changing the number of poles. 

(3) the primary function of the commutator is that of a fre- 
quency changer which can change frequencies arbitrarily with- 
out change of voltage or power. 


(4) The same equation, S X E = fı — fe, is also characteris- 


tic of the commutator which is a purely electrical differential 
gear inherently incapable of transmitting a torque. 

Hence the different types of electrical machine and systems 
of electrical transmission may be compared with a number of 
differential gears, with or without means for varying the number 
of poles, which corresponds to the velocity ratio of mechanical 
gear and with or without commutators, which may be regarded 
as the only practical form at gradually adjustable gear in exist- 
ence. Other differences which may be noted to exist are as 
follows: 

(5) Systems otherwise identical differ in their method of 
magnetization. 

(6) Several revolving fields may be superposed in the same 
structure as in the Hunt “ internal cascade ” machine, the single- 
phase or elliptic-field machine, or the split-pole converter. 
Thus the considerations give us three principles of classification. 

(1) According to the disposition we make of the secondary 
power output or output from the ‘intermediate shaft” of 
the differential gear. A parallel principle leading to approxi- 
mately the same result is according to which of the quanti- 
ties P, fi, or fe, is regarded as variable in adjustable speed 
machines. 

(2) According to the manner in which we employ the com- 
mutator in our system. | 

(3) According {о the method of magnetization. In addi- 
tion to this, the machines may be either generators, motors, 
converters, double current generators, phase advancers ефс., 
but this really introduces no new feature as most machines 
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are capable of all or most of these functions. If our class- 
ification is exhaustive we shall find that when we have assigned 
our machines a place in each of our classes it is completely de- 
fined and nothing further remains to be specified, apart from 
constructional details. We shall avoid circumlocution if we 
define the primary as the element into which power flows from 
the line. 


First Principle. Methods of disposing of the secondary power. 


The secondary power may be made zero by making the sec- 
ondary frequency zero or as low as practicable. This is done 
in almost all the standard types of machines in wide commercial 
use. Examples of this are the following: 


1. Ordinary synchronous machines of all kinds where the 
secondary frequency is made exactly zero. 


2. Induction machines with short ‘circuited rotor where the 
secondary frequency is made very low, and the small amount 
of secondary power generated is dissipated as heat. 


3. Direct current machines where according to the above 
definition the armature must be considered as the primary. 
From our present point of view they only differ from synchron- 
ous machines in that the alternating currents which flow in 
the windings are produced from direct current by the com- 
mutator instead of being supplied by the line. 


4. Repulsion machines (ordinary and inverted) and in fact 
all types in which all the windings on one member are short- 
circuited. How’ the secondary power in elliptic field machines 
may be reduced to zero without confining the machine to 
synchronous speed will be shown below. 


Secondary power may be entirely wattless, as in the single 
phase series machine. 


Secondary Power used in another apparatus (Cascade Systems). 
In this case the power flowing out of the secondary is supplied 
to a second machine which 1s either independent or mechanically 
coupled to the first. Examples of this are induction machines 
cascaded with other induction machines, synchronous ma- 
chines, or a-c, commutator machines. 


Secondary power transformed to primary frequency by a com- 
mutator and returned to the line. Examples of this are certain 
types of a.c. commutator machines when running at speeds 
differing from synchronism. 
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Second Principle. According to the manner of using the com- 
mutator. 


If we confine ourselves, as we are doing, to a single machine, 
the only two possible methods of using a commutator are: 

(1) On the primary as in the d-c. machine. 

(2) On the secondary as in the a-c. commutator machines 
mentioned above. If, however, as may readily be done, we 
extend our survey to groups of machines working in conjunc- 
tion as in cascade sets for instance, a large variety of further 
interesting methods of application are revealed. А third way 
of applying it, however, is to confine currents to a definite axis 
In space as in the repulsion motor etc. This method only ap- 
plies to elliptic field machines. 


Third Principle. Methods of magnetization. 


Two distinct methods of magnetization, may be distinguished. 

1. The primary may be the seat of the magnetizing currents 
which may be led in direct from the line as in the normal in- 
duction machine and several others. This may be called high- 
frequency magnetization and involves the appearance of a con- 
siderable amount of reactive power proportional to the fre- 
quency in the line circuit. 

2. The secondary may be the seat of the magnetizing currents 
which may be led in direct from the line through a frequency 
changing commutator or supplied by an exciter. This latter 
method may be called low-frequency magnetization and does 
not give rise to reactive power in the line. In order to under- 
stand the various methods of magnetization better we shall 
devote further space to the matter later on. 


CIRCULAR OR CONSTANT INTENSITY FIELD MACHINES 


To make up a complete circular-field dynamo electric ma- 
chine we have four elements; the linc, the stator, the rotor, 
and the commutator. By making various combinations of 
these we obtain different types of machine having different 
characteristics and adapted to different purposes. Different 
types of winding exist, each capable of being adapted for con- 
nection to direct current, single, or polyphase lines or to a com- 
mutator. Each of these is capable of being built for many 
different polarities. Hence when we sav “ connect the line to 
the primary” we therefore assume that it is provided with an 
appropriate winding. In the following table are shown the 
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various permutations etc., of the four elements mentioned 
above which will give rise to practical machines. It will be 
seen that there are not a very great number. 

1. The Induction Machine. The simplest is that in which 
the commutator is entirely absent and the secondary short- 
circuited, the primary being connected to the single- or poly- 
phase line and being wound in a suitable manner. In this 
case the secondary power is very small, being absorbed entirely 
by the secondary resistance, while the commutator is absent, 
and the primary winding has two distinct functions to perform, 
viz., magnetization and the production of a torque. For the 
former purpose we require a distribution of current density 
in the stator slots which is in quadrature with the wave of 
flux density, assumed to be harmonic when we assume a circular 
field. For the latter purpose the distribution of current density 
in the stator slots should be in phase with the wave of flux 
density. Hence two currents, the “ magnetizing” and “load” 
currents, in quadrature with one another, must flow in the 
stator winding, and this must be of the distributed type in 
order to allow of its producing an approximate sine wave of 
magnetism. Such a machine is confined to speeds close to 
synchronous. 

2. The Synchronous Machine. The two distinct functions 
which the stator winding performs in the above machine are 
separated in the next type which differs from the above solely 
in that the magnetization is of the low-frequency type and 
therefore the magnetizing currents on the secondary. Although 
a distributed primary winding is still used to diminish the leak- | 
age etc., vet it is not so essential as in the induction motor, 
since the primary has no longer to produce the magnetization. 

The secondary winding is usually of the concentrated type 
since it revolves with the flux wave and does not cut it. Under 
the same heading we must include. induction machines in which 
the secondary is excited by low-frequency currents from what 
is called a phase advancer. In this case the secondary power 
is not strictly zero but it is absorbed by secondary resistance. 

The function of the phase advancer, which is a small, low- 
frequency dynamo, is to produce a current in the secondary which 
is in quadrature with the load current and so capable of produc- 
ing magnetization. This phase advancer may also be made to 
supply the secondary F?R loss whereupon the slip is reduced to 
zero and the machine becomes synchronous. This case only 
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differs from that of the ordinary synchronous machine in that the 
position of the flux wave relative to the secondary, though 
invariable during running, may be adjusted to have any position 
instead of being fixed by the construction of the machine. 

3. Polyphase Commutator Machines. The third type having 
a commutator on the secondary may be regarded firstly as a 
mere constructional modification of the induction machine, the 
advantage of the use of a commutator lying in the greater 
flexibility attained. In fact it is quite clear that if the squirrel 
cage rotor mentioned above we substitute a commutator rotor 
with all the brushes short-circuited no alteration in the charac- 
teristics will be produced. | 

Suppose the commutator rotor to have the same number of 
turns as the primary. Instead of short circuiting the brushes, 
suppose the stator to be fitted with a second or neutralizing wind- 
ing having the same number of turns as the rotor or the primary 
and connected in series with it in such a manner that the two 
together form a non-inductive circuit. Thus the commutator 
rotor is connected into the star of the neutralizing winding on the 
Stator. | 
Now suppose the polyphase line connected across rotor and 
neutralizing winding, and let us consider what happens. The 
rotor voltage is still zero since it is still running in synchronism 
with the flux, but the same e. m. f. 15 induced in the neutralizing 
winding as in the ordinary primary winding since the two may be 
exact duplicates of one another lying in the same slots. 

This e. m. f. therefore balances the primary e. m. f. Since the 
ampere turns of the rotor and neutralizing winding are exactly 
equal and opposite they exert no inductive effect on the original 
primary winding and it 1s therefore relieved of all currents except 
magnetizing currents and its section may be proportionately 
diminished. 

So far we have achieved nothing but a constructional modi- 
fication of the induction machine but we now begin to see how 
this construction may be turned to advantage. 

As soon as we depart from synchronism, an e. m. f. appears 
across the commutator brushes which, multiplied by the cur- 
rent, is a measure of the secondary power. Owing to the pres- 
ence of the commutator, this secondary power always appears 
at line frequency and is absorbed direct from the line above 
synchronism and returned direct to it below. Hence such ma- 
chines are capable of giving adjustable speed operation whether 
connected shunt or series, and this is their chief claim to existence. 
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4. The Direct-Current Machines. The fourth modification of 
the fundamental induction machine is that in which the commu- 
tator is interposed between the line and the primary winding and 
consequently the primary receives a frequency different from 
that of the line. The most prominent example of this class `15 
the direct-current machine in which a wave of current density 
revolving relative to the primary of the machine is produced 
from the d-c. supply by the commutator. The magnetization 
which may be shunt or series is of the low-frequency type de- 
rived direct from the line and of course the secondary power 
zero. Since the primary frequency is due only to the rotation 
of the machine, the machine must always notwithstanding its 
adjustable speed be of the synchronous type. If a machine of 
type 3 be run very much above synchronism the secondary 
power will be much greater than the primary, and it will gradually 
approach the fourth class which is the limit towards which the 
third class approaches as the frequency tends to zero. АП those 
exciters, phase advancers, etc. adapted to deal with currents of 
slip frequency must be placed in this fourth class, though the 
distinction between the third and fourth class will be more in the 
frequency of supply rclative to that of rotation than otherwise. 
In the accompanying table have been written down the various 
permutations of the different alternatives contained in our 
four classes excluding those which are obviously self contradic- 
tory. It will be seen that there are not a very great number of 
permutations and of these some are impossible or at least un- 
known while some are merely special cases of others, occurring 
only at a particular speed (synchronism). Thus, finally, of all 
the possible permutations, only four distinct types of machine 
emerge—those briefly described above, all of which may be de- 
rived from one another by simple mechanical processes of in- 
version, etc. Thus starting from the d-c. machine we may 
(1) replace the commutator by a polyphase set of collector rings 
and we have a synchronous machine (2) replace the field winding 
by a squirrel cage and we have the induction type (3) invert, 
making the secondary the rotor, replace the squirrel cage by a 
commutator carrying a polyphase set of short-circuited brushes 
and reconnect the brushes in the manner described above and 
we have the polyphase commutator type. These constructional 
modifications have one of two objects, 

(a) Adaptation to different kinds of current as when we change 
a direct-current to a polyphase machine. 
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(b) To obtain characteristics adapted to some particular 


variety of industrial work as when we change the induction to 
the commutator type. It should be recognized however, that, 


CIRCULAR OR CONSTANT INTENSITY FIELD MACHINES 


Disposition : 
Name of secondary | Commutator | Magneti- |Shunt or Remarks 
power zation series 
1. Zero or ab- absent H.P. Series J Impossible ог 
2. Induction ma-|sorbed by se- | unknown 
chine......... secondary | * 5 Shunt 
3. resistance s L.F. Series | Impossible or 
4. Synchronous ma- \ unknown 
chine......... € € Shunt 
5. E on primary H.F. Series 
6. ы а “ Shunt 
7. О.с. series mach. “ “ L.F. Series 
8. D.c.shunt mach. : s “ Shunt 
9. Polyphase com- The secondary 
mutator series power is only zero 
mach... ... “ on secondary H.F. Series at synchronism so 
10. do. shunt.... ... Е Е < Shunt these machines are 
ll.do. series com- only special cases 
pensated...... s Б L.F. Series of the next four 
12. do shunt....... ç ui " Shuat 
13. Comm. series 
mach... .......] Returned |on secondary H.F. Series 
14. Do. shunt...... through s Ы Shunt 
Commutator 
15. Do. series com- 
pensated...... в ы L.F. Series 
16. Do. shunt... ... a Shunt 
17. Induction mach.|] Used in 
separate 
apparatus absent H.F. Series 
18. Cascaded with “ 3 М Shunt 
19, 13, 14, 15 or 16 | т “ “ Series 
20. J s : ë Shunt 
CoNVERTERS 
Absorbed by 
Induction secondary | on primary H.F. Shunt 
resistance 
Synchronous Zero А L.F. s 
Commutating 
frequency Wattless Т Н.Е. ы 
converter “ g L.F. Ë 


Note: “Н.Е.” is an abbreviation for “ high-frequency "апа * L.F.” for low-frequency. 


in spite of all variations, there is but one dynamo electric ma- 
chine retaining its main features unchanged throughout. It is 
interesting to note that machines with series characteristics 
invariably have commutators. 
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CONVERTERS ` 


Various types of converters exist calling for a place in our 
classification. The function of a converter is essentially to 
produce a change in frequency and hence when it consists only 
of a single machine it is invariably of the commutator type. 
Such an apparatus (in the ideal case) is not called upon to develop 
torque and hence no secondary power exists. Certain types of 
frequency converter are fitted with field windings whose sole 
purpose is to produce a flux. In this case the secondary power 
is wattless or reactive, the only possible case of reactive secondary 
power in a circular field machine. Converters to operate on 
constant voltage must necessarily be shunt machines. 


ELLIPTIC FIELD MACHINES 


When we come to elliptic field machines an entirely new set of 
possibilities presents itself. The secondary power in such a 
machine may be reduced to zero though neither the secondary 
e.m.f. nor current are zero. Moreover in certain cases it may 
become entirely wattless a case which cannot occur in circular 
field machines. An elliptic field machine must necessarily have 
a commutator, since any machine having a short-circuited or 
separately-excited secondary must necessarily give rise to cir- 
cular field. Owing to the present of this commutator the sec- 
ondary power when it exists appears at line frequency, and there 
is therefore no difficulty in returning it to the line or deriving it 
therefrom. In dealing with circular field machines we found 
it useful to draw a distinction between the cases in which the 
commutator was on the primary or on the secondary and we 
shall still find it useful to draw the same distinction. It enables 
us to divide our machines into two classes containing pairs of 
machines which may be shown to be exactly reciprocal to one 
another. For instance dealing with single-phase series type 
motors we may divide them into a number of pairs as follows: 


——RMM——————————————————————Ó———M—Ó 


Com- Secondarv | Primary 
Name mutator Field coil coil 
Neutralized Series \ Ba woe Satna Primary Stator Stator Rotor 
Compensated Repulsion f epa Т Secondary Rotor Rotor Stator 
Inverted Repulsion |............... Primary Rotor Stator Rotor 
Ordinary WU oar dee maque por pagaq Secondary Stator Rotor Stator 


Comp. Inverted »............... Primary Rotor Stator Rotor 
Repulsion Motor 


[nduction Series | ОТОК Secondary Stator Rotor Stator 
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Diagrams of these machines are shown in Figs. 4, 5, 6, 7, 8 and 9. 
The last machine which I have provisionally called the com- 
pensated inverted repulsion motor is shown in Fig. 9. It has 
never been discussed as far as I am aware yet it is quite as practi- 
cal a type as any of the others and may even have some advant- 
ages. Let us now consider in what manner the secondary power 


Fic. 4 Fic. 5 Fic. 6 


is disposed of in some of these pairs of machines. In the repul- 
sion motors, ordinary and inverted, the secondary circuits are 
completely short circuited and hence the secondary power zero. 
In the neutralized series and compensated repulsion motors, as 
also in the last pair, the secondary power is used entirely for 
magnetizing and is therefore wattless. If the magnetization 


Fic. 7 Fic. 8 


is of the low-frequency type, as in the compensated repulsion 
motor, the secondary power* vanishes completely at a particular 
speed (synchronism). The distinction which we have drawn 
between machines having the commutator on the primary and on 

*It should perhaps be mentioned that by “secondary power" we 


mean the actual power measurable by a wattmeter and not any fictitious 
quantity such as some theories accustom us to consider. 
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the secondary merely symbolizes other important differences. 
Machines with commutator on the primary are “ pulsating 
field machines " having a field distribution of the well known type 
characteristics of the neutralized series motor, viz., having a 
definite axis fixed in space. Such machines may conveniently 
be built with salient poles. Machines with commutator on the 
secondary are ' revolving field machines " in which the field 
revolves elliptically at all speeds, becoming circular, as a rule, 
at synchronism. Such machines require an induction motor 
type of stator with uniform air gap all around. / There аге more- 
over important differences between the commutation of the two 
types. In the “ revolving field type,” 
with the armature at synchronism, the commutating conditions 
are identical at this speed with those in direct-current machines. 
In the “ pulsating field type ” of course no such conditions exist, 
hence the above mentioned distinction symbolizes a large num- 
ber of practical differences independent of any theory. Moreover 
the same distinction has been shown to be significant with refer- 
ence to all standard types of machine also. In order to discuss 
the elliptic field machines more fully it is necessary to enter upon 
their theory to a certain extent. The writer has accustomed 
himself to think in terms of a certain theory which is described 
in a treatise entitled “ Single Phase Commutator Motors ”’ 
published by him in 1913. Although this method of studying 
elliptic field motors is not at present very widely known it pre- 
sents considerable advantages, and it will accordingly be made 
use of here. The purpose of the following discussion, however, 
is purely that of explaining the two reciprocal classes of single 
phase series type motor which have been mentioned above, and as 
adds nothing further to our results may be omitted by the reader 
who is unfamiliar with the methods used, and who is willing to 
take for granted the reciprocity of the two classes. 


POWER CALCULATIONS IN ELLIPTIC FIELD MACHINES 


The secondary power is now the product of an elliptically dis- 
tributed e.m.f. and an independent elliptically distributed current 
which may have quite different axes from that of the e.m.f. 
The multiplication of such ellipsis has been discussed in the 
writers “ Single-Phase Commutator Motors," Appendix, p. 
108-109 where two products, the “sine ” and the “ cosine ” 
product are defined as follows: Suppose we wish to multiply any 
two vecter ellipses we must resolve each into a pair of conjugate 


since the flux revolves . 


əк | 
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diameters which will be in quadrature with one another. These 
are shown in Fig. 10 as ab and a'b' and they must be so chosen 
that a is in phase with a’ and b with b’. If a is the angle be- 
tween a and a’ and В that between b and b’ we define the ''cosine" 
products of the two ellipses as a a’ cos а + b b' cos В. If one 
ellipse represents a current distribution and the other ап e.m.f. 
distribution, then “ cosine’ product represents the maximum 
power flowing due to the two, and 4 (a a’ cos a + b Б’ cos В) 15 
the mean power. In the case, in which both ellipses reduce to 
circles, we have a! = 6, a’ = b' а = В so that the mean power 
will be а a'cos а which is the usual expression. Since a is in 
quadrature with b' and b with a' we have not considered the 
products of these terms as they will give rise to purely wattless 
or reactive terms. It is quite clear that the above expression 
may be reduced to zero in many ways without either of the fac- 


( ч а I 


FiG. 10 Fic. 11 Fic. 12 


tors being zero and hence the secondary power of our elliptic 
field machines may be zero or purely wattless without either 
the secondary current or e.m.f. being zero. Hence, such ma- 
chines are not restricted to synchronous speed in the absence of 
some means of disposing of the secondary power as are machines 
of the circular field type. We shall now discuss some of the 
principal cases in which such a product may be zero without either 
of the factors vanishing. 

1. Ellipses similar and of similar phase and at right angles to 
one another (see Fig. 11). In this case e = = 90 deg. and the 
product is wattless since neither a b’ nor a'b are at right angles. 

2. Each ellipse reduces to a straight line both being at right 
angles (see Fig. 12). In this case the product is accurately 
zero, not wattless, and this is the only case in which it is accur- 
ately zero except with a circular field at synchronism 


aa’cosa = —bb'cos В 
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In this case the two ellipses rotate in opposite directions. We 
shall not come across any instance of this. Let us now consider 
what distributions of current and e.m.f. occur in some of the 
best known types of single-phase motor having series charac- 
teristics. Consider first the case in which the commutator is on 
the primary. This case includes two well known types the 
neutralized series motor and the inverted repulsion motor. 
Both of these involve a stator element which is or permissibly 
may be short circuited. 

1. Taking the inverted repulsion motor first: In the stator 
or secondary element the current flows entirely in the short 
circuited coil and will be ‘represented by a straight line ellipse 
parallel to the axis of that coil. Since the coil is short cir- 
cuited the flux cannnot interlink it and must be therefore of 
the ‘‘ pulsating” type represented by a straight line ellipse 
perpendicular to the axis of the coil. The same ellipse may 


In 


Fic. 13 Fic. 14 


also represent the e.m.f. to a suitable scale if we displace the 
phase by 90 deg. Hence, in this case, the two ellipses of 
e.m.f. and current reduce to two straight lines at right angles 
and the “cosine” product is therefore accurately zero (see 
Fig. 13). The ampere turns necessary to excite the flux, are 
of course supplied by the primary. 

2. The Neutralized Series Motor also contains a short cir- 
cuited element on its stator or secondary, viz., the neutralizing 
coil. For the same reasons as stated above, the current I, 1n 
the neutralizing coil and the flux and e.m.f. will be represented 
by two straight line ellipses at right angles (see Fig. 14). In 
the present machine, however, the magnetizing ampere turns 
necessary to excite the flux are on the secondary, being supplied 
by the field winding. The field currents will be represented 
by another straight line ellipse J; parallel to ф and the resultant 
stator current by J. Thus since J and Е аге no longer at right 
angles their product will not be accurately zero but since they 
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are still in quadrature it will be wattless. We shall now turn 
to the machines of the ‘ rotating field" type which are recipro- 
cal to the two just discussed, viz., the ordinary and compen- 
sated repulsion motors. 

3. The Repulsion Motor. In the rotor or secondary element 
the current flows entirely in the short circuited circuit and 
will be represented by a straight line ellipse parallel to the axis 
of that circuit. The e.m.f. across any short circuited circuit 
is obviously zero, and the e.m.f. ellipse therefore reduces to a 
straight line perpendicular to the first, though of course it no 
longer follows that the flux is of the same form. Thus the rotor 
e.m.f. and current ellipses of the ordinary repulsion motor are 
identical with the stator e.m.f. and current ellipses of the in- 
verted repulsion motor (see Fig. 15). 

4. The Compensated Repulsion Motor also contains a short 
circuited element on its rotor or secondary. For the same 
reasons as in the ordinary repulsion motor, the current in the 


Fic. 15 Fic. 16 


short circuit J and the e.m.f. will be represented by two straight 
line ellipses at right angles (see Fig. 16). In this machine how- 
ever the magnetizing ampere turns necessary to excite the flux 
are on the secondary, being supplied by the circuit through 
the field brushes. The field currents will be represented by 
another straight line ellipse I; parallel to E and the resultant 
stator current by J. Thus since J and Е are no longer at right 
angles their product will no longer be accurately zero, but 
since they are still in quadrature it will be wattless (reducing 
to zero at synchronism, however, since in this machine low- 
frequency magnetization is made use of). In the above dis- 
cussion only the secondary e.m.f. and current distributions are 
considered but it is easy to show that primary e.m.f. and cur- 
rent distributions are reciprocal also. In order to bring this 
out in its clearest form we may paraphrase the discussion in 
“ Single Phase Commutator Motors" pp. 51, 52, 53, in two 
parallel columns: 
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The Repulsion Motor Rotor E. M.F. 
Since the rotor is short circuited 
along the axis O P there can be no 
e.m.f. along that axis and the rotor 
e.m.f. ellipse is therefore a straight 
line along O R perpendicular to 
O P. 


Flux Distribution. Such a rotor 
e.m.f. distribution can only Бе 
produced at speed K by a flux 
ellipse whose axes lie along O P, 
and O R, that along O R being of 
length a say that along O P being 
Ka where K = speed synchron- 
ism. In this case the “ Trans- 
former” e.m.f. and e.m.f. of rota- 
tion along the short circuited axis 
O P will cancel leaving a straight 
line distribution of rotor e.m.f. 


Stator E. M.F. The stator e.m.f. 
due to this flux distribution will 
also be represented to a suitable 
scale by exactly the same ellipse 
as the flux. 


Terminal E.M.F. This ellipse 
must touch a line perpendicular 
to О Q and at a distance ОЕ from 
the origin equal to the maximum 
terminal e.m.f. 
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The Inverted  Repulsion Motor 
Stator E.M.F. Since the stator is 
short circuited along the axis O P 
there can be no e.m.f. along that ` 
axis and the stator e.m.f. ellipse 
is therefore a straight line along 
O R perpendicular to O P. 


Flux Distribution. Such а 
stator e.m.f. distribution can only 
be produced by an exactly similar 
flux distribution which may be 
represented to an appropriate scale 
by exactly the same straight line 
ellipse. i 


Rotor E.M.F. This purely single- 
phase flux ellipse induces in the 
rotor an e.m.f. ellipse whose axis 
lie along O P and O R, that along 
O R being of length a say, and 
that along O P being Ka. 


Terminal Е. М.Е. This ellipse 
must touch a line perpendicular to 
O Q and at a distance O E from 
the origin equal to the maximum 
terminal e.m.f. 


SHUNT TYPE MACHINES 


There is by no means so large a variety of shunt type as of 
series type motors having different modes of operation though 
substantially the same characteristics. Although the number 
of constructional modifications which may be suggested is, of 
_ course, endless, all practicable types of motor reduce, in the end, 
to what is essentially one machine. This is due to the follow- 
ing facts. 

Consider the ordinary shunt motor operated on alternating 
current. If the armature current is approximately in phase 
with the line e.m.f., which it should be, of course, for operation 
on good power factor, it will be in quadrature with the flux 
which lags 90 deg. behind the line e.m.f. In order therefor 
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to keep the flux and current in phase we need to supply the field 
with an e.m.f. leading 90 deg. on the armature or line e.m.f. 
There is but one way to generate such an e.m.f., if we аге 
to retain a purely single phase motor, and that is by means 
of a pair of brushes arranged on the armature at right angles 
to the load brushes or those which carry the main current. 
The practical machine in which this principle is carried out in 


Fic. 17 


its simplest form is usually called the Atkinson commutator 
induction motor (see Fig. 16). It consists of a distributed single- 
phase winding on the stator, a pair of short circuited brushes 
co-axial with the stator winding, and another pair at right 
angles thereto also short circuited. 

The e.m.f. of rotation induced in this latter pair of brushes 
by the primary flux leads 90 deg. on the line e.m.f. and is 


Rs | 
НЕЙ 


therefore capable of producing the field we require. This com- 
mutator armature with its two pairs of short circuited brushes 
may be replaced by a plain squirrel-cage armature giving us 
the ordinary single-phase induction motor. Such a machine 
is of the “ rotating field" type and is therefore capable of low 
frequency magnetization, otherwise known as compensation, 
by a well known method. Such a machine is the single phase 
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representative of the polyphase or circular field machines dis- 
cussed above, and in fact, a polyphase commutator machine 
of which one phase has been disconnected will if of the shunt 
type continue to operate on single phase just as an induction 
motor will. Our principles of classification do not necessitate 
any distinction being drawn between single phase and poly- 
phase machines so long as the fields of both remain circular. 
The principle utility of these single-phase commutator shunt 
machines is as adjustable speed machines and two methods 
exist for varying the speed from synchronous: 

1. By introducing power into the appropriate rotor circuit 
(see Fig. 19) by means of a transformer in exactly the same 
way as in the case of three-phase motors. Our principles as 


L00000 
‘ 
inductance 


Fic. 19 Fic. 20 Fic. 21 


mentioned above do not necessitate a distinction being drawn 
between the single- and the three-phase case. 

2. A method peculiar to the single-phase motor, consisting 
in weakening the field perpendicular to the stator axis by means 
of reactance or an auxiliary coil placed in series with the field 
brushes. In this case the rotor power is no longer zero but watt- 
less, being that consumed by the reactance or by the auxiliary 
coil. This method of weakening the field is shown in Figs. 
20 and 21. 

SUMMARY 

We may now summarize the results of our discussion and 
make some final suggestions as to the best methods of class- 
ification. | 

1. The classification to which we have been led by the above 
discussion first of all subdivides our machines into 
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(A) circular field or constant intensity field machines in- 
cluding all direct-current and balanced polyphase machines, 
all the standard tvpes in fact. 

(B) Elliptic or variable intensity field machines including 
single phase and unbalanced polyphase apparatus. 

(C) Multiple polarity apparatus such as the Hunt, internal 
cascade machine and the split pole converter whose operation 
depends on the presence of harmonics in the main field. No 
detailed discussion of this class is attempted. 

(D) We may regard homopolar machines as a fourth class. 

2. It is shown from general mechanical considerations that 
electric power is developed in both the primary and secondary 
element of the general induction machine which is taken as 
typical, and that before an operable machine can be produced 
some method of disposing of this secondary power must be 
decided on. Various methods by which it may be reduced 
to zero, as is done in all standard machines are discussed. Other 
methods of disposing of it are by its utilization on a separate 
apparatus (cascade scts) by commutator frequency trans- 
formation and returning to the line (some commutator machines), 
or by rendering it purely reactive. This can be done in elliptic 
field machines only. 

3. A second important difference depends on the use to be 
made of the commutator which may be absent, on the primary, 
or on the secondary. Except in d-c. machines the commutator 
is only useful for obtaining adjustable speed. 

4. A third difference, not so important as the above two, de- 
pends on the method of magnetization. Two different methods 
of magnetization are distinguished, viz., “ high frequency" 
magnetization leading to the appearance of considerable re- 
active power on the line, as in the ordinary induction motor, 
and “low frequency," as in the synchronous and compensated 
types. 

9. Lastly, many types may be connected either series or shunt. 

6. A table is constructed showing all possible combinations 
of these five sets of alternatives, and it is shown that they cover 
all known types of ' constant intensity field" machines and that 
when the place of any apparatus in the table 1$ assigned it can 
only be constucted in one way. 

7. Coming to the elliptic field machines we find that the 
secondary power can be reduced to zero or a purely wattless form 
in many ways without either secondary current or e.m.f. being 
Zero. 


1915] CREEDY: ELECTROMAGNETIC MACHINERY 1423 


8. Our second principle of classification according to whether 
the commutator is on the primary or secondary leads us to 
distinguish elliptic field series type machines into two classes 
“ pulsating field " machines—the neutralized series motor and 
the inverted repulsion motor and “ elliptically rotating field” 
machines—the ordinary and compensated repulsion motor, etc. 
It is shown that a certain reciprocity or duality exists between 
these types whereby stator e.m.f. and current distribution on 
the one type is exactly the same as rotor e.m.f. and current 
on the other. The two types are distinguished by different 
constructional features, salient poles in the one type and uni- 
form air gap in the other, and by differences in commutation. 

9. Shunt type machines when purely single phase are in- 
variably of the rotating field type as there is only one way of 
producing the requisite shunt field. 

10. Finally a table may be constructed by reference to which 
a characterization of any dynamo electric machine may be 
carried out. 


Type of field Disposition of [Commutator Magetization |етісѕ or Shunt 
Sec. Power (A) 

Constant Intensity (C)|Zero (1) None (N) 

Variable Intensity (V). On Primary (P) 
Wattles (2) 

Multiple Polarity (М). п Cascade (3) |On Secondary |High. Еге. (Н) {Series (Se) 
Returned to (S) 

Homoploar (H) line by Trans(4) Low Fre. (L) Shunt (Sh) 


From this table a machine may be characterized, as for 
instance: C—A1—P—L—Se would be the direct-current 
series machine, or /--А1--Р--Н--5е the repulsion motor. 
“ Some possible combinations of lettering will be found self- 
contradictory. The principal test which we can apply to our 
system is to ascertain whether an apparatus сап be denoted 
quite unambiguously by this lettering or whether several kinds 
of apparatus having legitimate claim to be regarded as different, 
and not as mere constructional modifications of one another, 
are denoted by the same lettering. The writer has tested it 
in this way to a certain extent, but an independent critic might 
be able to reveal difficulties not at present apparent. Of. 
course, the present paper does not pretend to be more than 
a step in the direction of classification and some modification 
of the present, or an entirely different scheme, might be found 
necessary. 


Digitized by Google 


Presented at the meeting of the Baltimore Section, 
A.I. E. E., February 26th, 1915, and to be 
discussed at the 32d Annual Convention, 
A.I. E. E., Deer Park, Md., June 28, 1915. 


Copyright 1915. By A. I. E. E. 


(Subject to final revision for the Transactions.) 


FOUR YEARS’ OPERATING EXPERIENCE ON A 
HIGH-TENSION TRANSMISSION LINE 


BY A. BANG 


ABSTRACT OF PAPER 


The Pennsylvania Water and Power Company, since it 
started operation of its hydroelectric plant at Holtwood, 
Pennsylvania, has kept a careful record of all operating events. 
In the following paper this record is given for the four years 
1911-1914, as far as the high-tenston transmission line, Holt- 
wood to Baltimore, is concerned. The record deals essentially 
with certain observations made on lightning flash-overs, de- 
terioration of insulators, sleet on cables, and the various means 
adopted to prevent disturbances to operation from these 
causes. 


HE TRANSMISSION linefor which the operating record is 
given herein is the line which transmits energy at 70,000 
volts from the Pennsylvania Water and Power Company's hydro- 
electric plant on the Susquchanna River at Holtwood, to the 
same company's terminal station at Baltimore, Md., where the 
current is stepped down for distribution purposes.  Practically 
all the load consists of synchronous machinery, such as synchron- 
ous converters, frequency changers, etc. 

This line is about 40 miles long and runs mainly in the direc- 
tion north-south, through a hilly country, on a right-of-way 100 
ft. wide. It consists now of two rows of steel towers, each capa- 
ble of carrying two independent threc-wire circuits. The 
first of these tower lines (No. 12) was built in 1910, with both 
circuits installed; the second (No. 56) in the summer of 1914. 
On this latter at present only one circuit is installed (circuit 
No. 6). 

There is a considerable number of differences in the design 
of the two lines. The following is mainly a description of the 
new line, though wherever there is an essential difference, it 1s 
pointed out. | 

Towers. The towers are galvanized steel towers, designed for 
six power cables and two ground cables (on the old line only one 
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ground cable); they are spaced about ten to a mile and the 
cables on the new line are anchored at every fifth tower at least. 
All the towers on the new line are set in concrete foundations, 
while on the older line, steel tripod foundation stubs were used 
for the suspension towers. 

The height of the tower is 44 ft., from ground to the lower 
crossarm. Ten and twenty ft. extensions have been used to 
increase the height of the towers whenever needed. The dis- 
tance between the crossarms is 9 ft., against 7 ft. on the older 
tower line, and the ground wires are located 42 ft. above the 
upper crossarm. Contrary to what was the case on Line No. 12, 
where the power cables for each circuit were located all three in a 
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Fic. 3—TYPE OF INSULATOR USED ON Circuits Nos. 1 AND 2, HoLrwoop- 
BALTIMORE TRANSMISSION LINE 


vertical line one above the other, the cables on the new line have 
been staggered, so that the ground wire crossarm and the middlc- 
crossarm are the longest (each 23 ft. from tip to tip). The up- 
per crossarm is 15 ft. and the lower 17 ft. біп. This has been 
done to prevent trouble from sleet. 

Conductors. Тһе conductors are 300,000-cir. mil, 19-strand 
aluminum cable. 

The ground wires consist of 3-іп. galvanized seven-strand 
steel cable. 

Calculated Load. Maximum load on the cables is assumed to 
occur at a temperature of 25 deg. cent., with a wind pressure of 
15 lb. per sq. in. on wires covered with $ in. of sleet. During 


[BANG] 
Fic. 1—SuSPENSION TOWER ON 


LINE 12—Ho_tTwoop—BattTI- 
MORE 


[BANG] 
Fic. 5— STRING OF SUSPENSION 


INSULATORS FOR LINE 56 


PLATE XC. 
A; 1. Е, E. 
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FiG. 2—SUSPENSION TOWER ON LINE 

56— HOLTWOOD-BALTIMORE—IN THE 

BACKGROUND: STRAIN TOWER OF THE 
OLDER LINE No. 12 


[BANG] 

Fic. 6—PARTIAL INTERRUPTION No. 
12, 1913. INSULATOR REMOVED. FROM 
TOWER No. 128, Воттом(РнАвЕ/СІік- 

CUIT No. 2 SUSPENSION TYPE 
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these load conditions the tension in the cables approaches the 
elastic limit. | 

The stringing tension at + 25 deg. cent., was 500 lb. for the 
power cables and 950 Ib. for the ground cables. 

Insulators. The insulators are of the suspension disk type, 
10 in. in diameter. The units selected for the newer line have 
the following electrical characteristics: 


Individual dry flash-over voltage = 95,000 volts. 
Individual puncture voltage 140,000 to 150,000 volts. 
Units on older line have a dry 

flash-over — 90,000 volts. 

and puncture = 100,000 to 107,000 volts. 


Eight units to the string are used on anchor towers and seven 
on suspension towers. Seven units correspond to a dry flash- 
over voltage of 378,000 volts. 

On the old line originally, five and six units, respectively, 
were used for suspension and strain 
towers. | 

The new tower line is built parallel 
to line No. 12, distance between lines 
being only 50 ft. on centers. On 
account of this it was necessary to 

| place the towers on the new line as 
Fic. 4—SHOWING ТҮРЕ OF . . 
Еи қына Cie: nearly as possible opposite the towers 
CUITS NOS. 5 ANDU on the old line. The number of 
| anchor towers has been increased on 
the new line in order to prevent longitudinal vibrations and to 
lessen the chances of sleet trouble. 

The standard span is 500 ft., the shortest span is 125 ft., and 
the longest built with standard towers and cables is 1080 ft. 
All spans of 800 ft., or more are апсиогей at both ends. Double 
strings of insulators are used at all railroad crossings. The 
elevation of the line varies from about 600 ft. above sea level at 
the generating end to about 50 ft. at the receiving end. 


Electrical Data. 


а е - omo» «ә фе 


Fregi 4 орон 25 cycles. 

Normal line voltage between 
phases..................... 60,000 to 70,000 volts. 

Ohmic resistance of one wire..... = 12.1 ohms (12 deg. cent.) 


Ohmic reactance at 25 cycles is.. = 13.1 ohms 
Impedance at 25 cyclesis....... 17.9 ohms 
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Losses in three lines at 200 am- 


ПОВЕ DAE Gace = 0800 kw. or 10 per cent 
when 58,000 kw. are trans- 
mitted. | 

Capacity current.............. = 3.5 amperes per wire. 


OPERATING RECORD 


Below is given a tabulation of all the disturbances to normal 
operation of the system originating in the transmission lines, 
together with the cause of the trouble and the year it occurred. 
These disturbances have further been divided into three groups, 
depending on their seriousness, t.e., total interruptions (T.I.), 
where all the load was lost, though gencrally not more than for 
` a few minutes; partial interruptions (P.I.), where a.percentage 
of the load was momentarily lost; and, finally, mere voltage or 
frequency disturbances (V.D.), where no load whatever was 
lost. These disturbances have been recorded whenever the 
voltage changed suddenly five per cent or more. ` 


TABLE I.—OPERATING RECORD FOR HOLTWOOD-BALTIMORE TRANS- 
MISSION LINE, JANUARY 1.1911, to DECEMBER 31,1914 


Total for four 


1911 1912 1913 1914 years 
Cause | | В 
T.I. P.I. V.D.| T.I. P.I. V.D.| T.I. P.I. V.D.| T.I. P.I. V.D.| T.I. P.I. V.D. 
Lightning....... 23 .. 10 3 19 4 3 17 11 1 6 7130 42 32], 
Defective insula- 
9) he BHR 1 1 1 1 1 1 
Sleet on cables.... 2 2 2 2 
Birdsonline.....| 1 ] 2 1 3 2 3 3 4 


Wires blowing to- 
БСІТер ука | we exe A dl, We. cu БО geo x vis hs ] wx Ws 1 


It will be seen that the cause for all the disturbances can be 
covered under the five headings: lightning, defective insulators, 
sleet on cables, birds on line, and wires blowing together. 

Of these the overwhelming cause of trouble is lightning. 

It may be of interest to recount a few observations made on 
the effect lightning has on a transmission line in operation. 

Though the lines are protected at both ends with aluminum 
lightning arresters, which duly discharge during storms, lightning 
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FIG. 12— REMOVED FROM 
STRAIN Tower No. 163, 40,000 
OHMS BETWEEN CAP AND PIN— 
BROKE DOWN AT 21,750 VoLTS— 
CRACK АТТНЕРОТТОМ OF THE CAP 
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Fic. 13— INSULATOR PULLED APART 
REMOVED FROM STRAIN TOWER NO. 
34 Circuit No. 1, Unit No. 3 MIDDLE 

[BANG] [BANG] NortH READ 50,000 OHMS 

Fic. 10—INSULATOR Fic. 11—INSULATOR 

STRING PUNCTURED STRING PUNCTURED BY 
ON LINE TEST 
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[BANG] 
Fic. 14—TURKEY-BUZZARD KILLED ON LINE. NOTE SPECIALLY THAT 
LEFT WING IS BURNED 
Dimensions—Tip of wing to tip of wing 65 in.—tip of wing to toe 34 in.—foe to beak 22} in. 
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discharges or surges will nevertheless give rise to “ flash-overs " 
on the line, which, once established, are maintained by the power 
from the generators. Such flash-overs practically always start 
at the towers where the clearance distances to ground (1. e., 
towers) are the smallest (a double or triple ground to the same 
tower is naturally in effect the same as a two- and three-wire 
short-circuit). Тһе path-of the flash-over may vary. Thus, 
when circuits Nos. 1 and 2 originally went into service, the sus- 
pension towers were equipped with five units to the string and 
strain towers with six units. With this arrangement it was 
always found that the flash-over would occur upwards from the 
conductor, alongside the string of insulators. 

Fig. 6 shows a typical string of insulators, damaged by such 
an arc. It can be seen how the three lower insulators are com- 
pletely broken to pieces, probably mainly due to the heat gener- 
ated by the arc; the bottom bolt shows а deep burn. It can also 
be seen from the marks on the string how the arc in this string, 
instead of traveling all the way from conductor to the tower in 
one unbroken arc, has broken into small individual arcs, each 
encircling one insulator. That happens frequently, though not 
always. 

Not only the insulators but also the cable is liable to be 
damaged by lightning arcs; Fig. 7 shows a typical case. If the 
arc stayed at one place it would quickly burn the cable through. 
Fortunately, the arc is generally on the move. As a rule it is 
blown away from the power house, due to its own magnetic 
action. On the Baltimore transmission line we therefore gener- 
ally find the cable damage to the south of the towers; traveling 
this way the arc burns and pits the cable in spots. In a few 
seconds the arc may travel five to thirty feet. 

When it was found in the first lightning season (1911) that 
practically all flash-overs occurred along the insulators, the plan 
was tried in 1912 of increasing the number of disks of a suspen- 
sion string to seven and of a dead-end tower to eight, on two 
particular stretches where the lightning had been especially 
severe. "This proved successful in so far that only one lightning 
stroke occurred on these stretches in 1912 against 22 in 1911. 
Before the lightning season of 1913 one whole circuit (No. 1) 
was therefore equipped in this way with seven suspension and 
eight strain units. "The result was, as shown by the power house 
ground chart record, that in 1913 the lightning flash-overs were 
distributed between the two circuits as follows: 
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27 lightning strokes on circuit No. 1. 

20 “u u “ « « 2. 

6 Е x unknown on which circuit. 

In other words, the circuit with the many insulators showed 
the larger number of lightning strokes. Evidence from inspec- 
tion of the line showed, however, that whenever the flash-over 
took place on a suspension tower (which generally was the case 
in preference to a strain tower) the lightning arc on No. 2 circuit 
with the five insulators in the string, would as usual rise upwards 
along the insulator strings to the crossarm above, while on No. 1 
circuit with the seven units in the string the arc would in every 
case go just the opposite way, 1. e., from the conductor to the 
crossarm below (see Fig. 8). This was naturally due to the fact 
that this clearance distance for the two upper conductors was 
materially decreased (from about — . , .. RN 3 


36 in. to 24 in.) by adding two BE быны 
more units to the string. For the СЕ ONES 
bottom conductor, where the "гот? 

clearance distance stil remained UP EE Fleshover 
ample, the number of flash-overs xo 

was greatly reduced. This change ips 

in the location of the arc resulted z batis 
in two distinct gains. Іп the first °°" Nc 


19 Strands 

Fic. 8—DIFFERENT PATHS 
TAKEN BY LIGHTNING FLASH- 
OVERS 


place, the arc did not have nearly 
the same chance for damaging the 
insulators by heat, as it did not 
pass alongside them but away from 
_them. The insulator record for 1913 showed this clearly. Thus it 
was necessary to remove 210 insulators from circuit No. 2, due to 
lightning damage, and only three from No. 1 circuit. The other 
advantage gained was that it proved to be easier їо. extinguish 
the arcs on No. 1 circuit and that it could be done with much 
less loss of the synchronous load connected to the system (on 
account of the preponderance of two-wire short circuits compared 
with three-wire short circuits). The following year one more 
unit was added to No. 2 circuit suspension towers and two more 
to the strain towers, and this is the way it is at present. 

Altogether the number of insulators removed from the line 
due to lightning damage is small, not more than about one 
hundred per year, on the average, and the number is not on the 
increase. 

Far more important from a maintenance point of view is the 
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continuous detertoration of the porcelain in the insulators, such 
as it was discovered a few years ago could be determined on 
insulators of the suspension type by means of taking insulation 
readings between the pin and cap (террег tests). | 

The Pennsylvania Water and Power Company began investi- 
gations by this method in the autumn of 1913. The megger 
used was a 1000-volt instrument with a range from 10 to 2000 
megohms. The result was rather surprising. While the ma- 
jority of insulators, when the weather was dry enough to permit 
of any testing, naturally would read infinity, many were found 
which would read below the scale of the instrument, 1. e., below 
10 megohms. When these were tested later on with a lower- 
reading megger, many of them would read even below & megohm 
or lower. On none of them could any external damage be seen. 
To all outside appearances they were perfectly good insulators 
and still their insulation value was gone. 

The first complete test of circuits Nos. 1 and 2 was made in 
the winter 1913-1914, after about three years of operation. 
Counting as bad every unit which would give a megger reading 
below 500 megohms, this test showed that out of about 22,400 
units, 1621 or 7.3 per cent were found to have deteriorated. 

The same line was gone over again in the autumn of 1914, about 
half a year after the first test, and showed an additional number of 
about 1020 or 4.7 per cent which had gone bad. This indicates 
clearly how rapidly this deterioration process is going on. All 
told, four years’ operation produced 2640 bad units, or 11.7 per 
cent, an average of 2.9 per cent per year. Judging from the 
last test, it seems as though this deterioration goes on at a rapidly 
Increasing rate year after year. 

Table II shows the result from both tests combined, but gives 
the figures for strain and suspension towers and for the two cir- 
cuits separately. It will be seen that the two circuits have prac- 
tically the same number of bad units, but the strain towers on 
both circuits show a very much larger percentage (17.1 per cent) 
of damaged units than the suspension units (7.6 per cent), indi- 
cating that the horizontal strain units are very much more 
exposed to this trouble than the vertical suspension units. 

A number of other tabulations has also been made up to see 
if there were any difference between insulators from the top, 
middle and bottom phases, or between the various units in a 
string. Only slight differences could be found, excepting be- 
tween the different insulators in a suspension string. Taking 
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only the five first insulators in the string, which have been in 
service from the beginning of operation, we find that the top 
unit, 2.6., the one nearest to the crossarm, is the one most 
subject to damage. (See Table ПТ). 

After a number of these units were removed from the line, a 
series of tests was made іп an attempt to determine the cause 
of this trouble. The tests were as follows: 

First: 230 units with megger readings from 0.01 to 500 
megohms were given a high-potential test (25 cycles). All of 
these units punctured before flash-over voltage, the puncture 
voltage varying widely, increasing in a general way, however, 


TABLE II 
NUMBER OF INSULATORS DETERIORATED ON PENNSYLVANIA WATER 
AND POWER COMPANY'S CIRCUITS NOS. 1 AND 2, 1911-1914. 


Strain insulators Suspension insulators 
Circuits [—————————— n —— | Per cent м 
damaged 

Units Units below Units Units below | Per cent 

tested 500 megohms tested 500 megohms| damaged 
No. 1 4,938 856 17.3 6,723 470 7.0 
No. 2 4.942 832 16.8 5.900 485 8.2 
Nos. 1 & 2 9,880 1,688 17.1 ‚ 12.623 955 7.6 

TABLE III. 


SUSPENSION INSULATORS NOS. 1-5 DETERIORATED 1911-1914. 


Unit No. 1 2 3 4 5 


———— |—— n vn | ———— M | —  .———  |—— aa 


Circuits Nos. 1 апа 2........ 210 120 142 169 146 


with an increased megger reading. Fig. 9 shows an attempt to 
express this relation in a curve. It will be seen that while a 
very low reading insulator will puncture at less than 20,000 
volts, an insulator giving a megger reading above 300 megohms 
has a puncture voltage close to the flash-over point. This 
puncture takes place inside through the porcelain hidden between 
the pin and the сар. By continuing the current from the testing 
transformer until the puncture heated up, it could be felt, on the 
outside of the cap, that the breakdown generally took place on 
the side and very often close to the rim of the cap. 

Second: While these tests were going on, a puncture of each 


П 
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and every one of a string of five insulators occurred one day 
on the line, during actual operation. No lightning was reported, 
the weather was clear and no switching was done at the time of 
the disturbance. Fig. 10 shows this string. It can be seen that 
holes as large as a finger tip are burned through the porcelain and 
the cap, all on the side of the insulator, thus forming a short 
path between the pins and caps; no evidence of any simultaneous 
flash-over could be seen. It was a case of a clear puncture. 

It was naturally thought that this was a case of deteriorated 
porcelain, which could have been caught in time to prevent 
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Fic. 9—RELATION BETWEEN MEGOHMS AND PUNCTURE VOLTAGE OF 230 
INSULATORS TAKEN FROM THE BALTIMORE TRANSMISSION LINE IN THE 
EarRLY PART or 1914. 


failure, if only megger readings had been taken of these insulators 
sometime beforehand. To prove this, five units removed from 
the line because of low megger readings were mounted in a string 
and high voltage was built up on them, not from a testing trans- 
former, where the short-circuit current always is small, but from 
а 70,000-volt, 10,000-kw. transformer, with a 10,000-kw. genera- 
tor behind it. The current was limited to about 250 amperes 
by a resistance. 

The result of this test is shown in Fig. 11; when the voltage 
reached about 30,000 volts, the insulator punctured, burning 
porcelain and iron being, so to speak, shot out from the side of 
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first one, then of another insulator, leaving holes of just the 
same nature as found in the insulator string punctured on the 
line. (That the bottom insulator does not show any hole but 
only a hot spot is simply due to the fact that the current was 
taken off too early.) 

Third: While the foregoing tests conclusively prove the serious 
nature of this insulator deterioration, thev do not throw much 
light on the real nature and the cause of this trouble. The fol- 
lowing tests were made with this object in view. 

On 24 insulators discarded from the line because of low megger 
readings, the pin, cap and cement were dissolved in a diluted 
solution of nitric and hydrochloric acid so as to give an unob- 
structed view of the surface of the porcelain, normally hidden by 
the pin and cap. Of these insulators: 

seven showed clearly a tiny crack in the porcelain at the bot- 
tom of the head (see Fig. 12), a crack which was totally invisible 
as long as the cap covered it. 

Three insulators showed similar cracks across the head. 

Thirteen insulators did not show any cracks. 

One insulator was destroyed during the test. 

Trying with the megger on the cracked insulators, it could 
readily be shown that the low resistance was located right in 
the crack, and the most natural explanation of the reason for the 
low megger reading on these insulators would therefore seem to be 
moisture which has penetrated through the cement into this 
crack. To explain the crack itself, it has been suggested that 
this may have been caused by high internal stresses set up by 
uneven temperatures and expansion of the various parts in the 
insulator, which would be likely to occur, for instance, if the 
insulator becomes hot in the sun and 1s then suddenly cooled 
by rain. А. О. Austin has also suggested that crystalline growth 
in the cement mav cause expansion of this, with consequent 
heavy stresses in the porcelain. 

None of these explanations would seem to hold good for the 
insulators where no cracks could be found. On these insulators 
it was possible, however, by means of the megger, to trace areas 
of low resistance on the outside of the insulator head. It seems 
evident, therefore, that the acid used in dissolving the pin and 
cap had penetrated the unglazed bodv of porcelain between the 
pin and cap in spots, thus making it more or less conductive. 
But wherever acid can penetrate porcelain, it is natural to sus- 
pect that plain water can do the same. It is therefore believed 
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that the failure of these insulators is due to porous material or 
lack of vitrification in the burning, which gradually has allowed 
moisture to be absorbed by the porcelain in the same way as 
moisture has penetrated through the cracks in the cracked 
insulator. 

Fourth: When it was first discovered that a large percentage 
of the low megyer readings was due to cracks in the porcelain, 
it was naturally feared that these insulators had lost a great 
part of their mechanical strength. This proved, however, not 
to be the case. Twenty-five were picked out at random and 
tested in a pulling machine until mechanical failure. The ulti- 
mate strength of these insulators was found to vary between 6500 
and 10,700 1b., with an average of 8100 1b., which is approximately 
the same as would be found on new, good insulators, when the 
cement had set thoroughly. Fig. 13 shows a typical break of one 
of these insulators, which does not differ in апу way from the 
fracture shown by a perfectly good insulator. 

Fifth: Hot and cold water test. When bids were requested 
for insulators for the new transmission line a series of tests 
was made on insulators submitted by different manufacturers, 
particularly with a view to finding the type of insulator that 
would seem to be least subject to depreciation. Working on 
the theory that the depreciation was at least partly due to 
high internal stresses, set up by temperature changes, the in- 
sulators were subjected to a hot and cold water treatment as 
follows: 

Each insulator was dipped down in cold water (7 to 8.5 deg. 
cent.) and left there until thoroughly cooled (5 minutes); it 
was thenjtaken up and within two or three seconds lowered 
into boiling water, head first. After remaining there for about 
five minutes, it was given a second temperature change by 
transferring it back into cold water, and so on. After each 
temperature change the insulator was tested with a megger 
and discarded if it gave a reading less than '' infinity." If 
an insulator endured the treatment without any change in 
resistance it received in all 10 temperature changes. Table IV 
shows the result for six different types of insulators, designated 
A to F. 

The insulators which had not been damaged by the hot and 
cold water test, so far as could be determined by the megger, 
were now subjected to high potential, with the results as shown 
in Table V. 
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TABLE IV 
No. of 
Number of single Number of insulators 
insulators temper- that failed when 
ature transferred from 
Type | Weight changes 
per unit | — — — — — —- | withstood | ——>— —— 
by cold to hot to 
tested | failed Jinsulators hot col 
A 8.5 1). 19 6 141 3 2 
B 9 s 19 12 104 5 7 
C 10 е 19 12 8$ 4 8 
D 9.5 * 19 16 67 1 15 
E 11 “ 6 0 60 
Е 11 ы 6 2 40 2 
TABLE V 
' Total No. insulators |No. units which with- Number of units 
Type tested stood flash-over and puncture volt- 
age 
A 13 6 (92 k.v) 7 (43 to 91 kv.) 
B 7 З (96 k.v) 4 (50 to 95 kv.) 
C 7 1 (90 k.v) 6 (27 to 87 kv.) 
D 3 0 3 (38 to 70 kv.) 
E 6 6 (98 kv.) 
F 4 4 (85 kv.) 


These tabulations show that type E insulators withstood the 
tests the best, as none of them failed, while types C and D 
suffered the most, for, among 38 insulators treated, only one 
withstood the flash-over voltage afterwards. 

The insulators which had already shown up poorly on the 
террег test were also given а high-potential test. They all 
punctured at voltages varying from 18,000 to 24,000 volts. The 
megger reading before test varied from 0.4 to 9 megohms. 
The cap and pin were also dissolved on two of the damaged 
insulators of types D and F. Both showed tiny cracks at 
the bottom of the head. 

Sixth: Drying out of the insulators. Working on the other 
hand on the theory that, at least in part, this insulator trouble 
was due to absorption of moisture without accompanying 
cracks, the plan was tried of drying out some of the insulators 
removed from the line, under high vacuum and at tempera- 
tures varying from 50 to 90 deg. cent. A primitive air-tight 
tank which could contain 12 insulators at a time in a row was 
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installed, equipped with electrical heaters and connected to a 
vacuum pump, which would maintain a vacuum of about 27 in. 

Altogether, three batches of a dozen insulators were dried 
out with this equipment. The drying out lasted from 10 to 
20 days and megger readings were taken every few days. A 
graphic thermometer gave a continuous record of the tempera- 
ture of the cap of one of the insulators. 

The following observations were made: 

A. After only a few hours’ treatment, the insulation resist- 
ance decreases materially, probably because water is a better 
conductor when hot than when cold. After 24 hours’ treat- 
ment a material increase is, however, always found, and this 
continues steadily until many of them reach the infinity mark, 
even when hot. All of them, without exception, will record 
infinity, when tested cold after two days’ treatment. 

After drying out, the insulators were given a high-potential 
test with 25 cycles. 

B. The result was that out of a total of 37 insulators tested, 
12 withstood a heavy flash-over test for $ min. The rest of 
them punctured at voltages varying from 30,000 to 90,000 
volts. As the megger readings on some of the insulators that 
withstood the flash-over were as low as 1 to 2 megohms before 
drying out, there cannot be any doubt but that they would have 
punctured at low voltages if they had not been treated. 

C. The insulators which dried out the quickest punctured 
at the lowest voltages. These presumably were the cracked 
insulators. On the other hand, the insulators that withstood 
the high voltage generally increased very slowly in insulation. 
These perhaps were insulators which would not have shown 
cracks under the cap. 

D. Four of the successfully dried out insulators have since 
that time, t.e., for four months, been exposed to the weather, 
hanging in a vertical position. They still read infinity. It is 
believed that if means could be found to prevent moisture 
from re-entering such insulators, it would be perfectly safe to 
put them out on the line again. 

It has often been suggested that the deterioration of insula- 
tors was due to electrical causes, such as switching, surges, 
arcing ground, high-frequency discharges, etc. As an indica- 
tion that this is not the case, an insulator record from a 70,000- 
volt transmission line between Holtwood and Lancaster, 13 
miles long, may be of interest. This line was built in the 


1438 BANG: HIGH-TENSION OPERATION [June 29 


summer of 1913. It consists of two identical circuits on the 
same tower line. While the two circuits were built at the same 
time, it has been customary to use only one of them, while the 
other one was kept as a spare. Both lines were gone over with 
a megger in the winter of 1914. At the end of the test one of 
the circuits had been under voltage 481 days, the other one 
only 91 days. Still they showed very nearly the same per- 
centage of damaged units, i.e., 8.9 per cent against 8 per cent. 

It seems therefore clear that the influence of the voltage on 
the line in this respect is very small, if any. 

On the whole, the insulator record given above, and the 
experiments made, all tend to show that the deterioration of 
the type of insulator in question is not due to electrical but 
rather to mechanical and ceramic causes. 

Sleet. On the operating record, Table I, we find "'sleet" 
next on the list. | 

It is now well understood that the most common cause of 
sleet trouble is the fact that when, with the arrival of milder 
weather, the sleet starts falling off the wires, it will often fall 
off one full span or several spans at one time but still remain 
on other spans. Such conditions result in unequal loading and 
therefore also extremely unequal sag for the different spans. 
If the wires of different phases, therefore, as on circuits Nos. 
1 and 2, are in the same vertical plane, they are liable to come 
in touch with each other and produce short circuits. The few 
disturbances recorded as caused by sleet on the Baltimore 
transmission line have all been of this nature. 

In building the new line to Baltimore it has been attempted 
to prevent or minimize this trouble by having the middle 
crossarm extend farther out (about 2 to 3 ft.) than the top 
and bottom one; a larger number of strain towers has also 
been used, so as to avoid having more than five suspension 
spans between two dead-end towers. It may be of interest 
to note that during a recent sleet storm where both the old 
circuits, Nos. 1 and 2, were short-circuited, due to sleet, the 
new one, No. 6, stood up without a single short circuit. 

There is, however, another method of preventing sleet trouble, 
which the Pennsylvania Water and Power Company lately 
has adopted. The principle of this method is simply to keep 
the transmission lines so hot that no sleet whatever can be 
formed on them. The heat is produced by circulating electric 
current through the wires. Test and experience show that for 
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a 300,000-cir. mil aluminum cable, about 250 to 300 amperes 
is enough to keep the sleet from sticking to the cables; often 
even less current will do it. On the other hand, if ice already 
deposited on the wires is to be melted off, considerably more 
current is necessary. The present arrangement, when a sleet 
storm. is reported and the load is at its lightest, is to leave only 
one circuit in service, which carries all the load (No. 6), while 
the two others are connected in series, short-circuited at one 
end and current is sent through them from two generators and 
two transformers. 

If the load is heavier, all three circuits will be put in service, 
and if the current is not judged to be sufficient to prevent sleet, 
an arrangement is adopted by means of which wattless current 
is brought to circulate over the wires while they at the same 
time carry the load. This purpose is gained by dividing the 
generators at the power house into three groups, each of which 
through its respective transformers is connected with one trans- 
mission circuit. The three circuits are paralleled at the sub- 
station end. The field is now kept open on the generators 
for one of these groups, while the others are over-excited. Con- 
sequently the generators with the open field will draw their 
excitation from the a-c. side, but this current will first have to 
pass the transmission line. An increase of from 40 to 200 per 
cent in total current for the three lines, depending on the load 
conditions, can be secured this way. A limit is set by the cur- 
rent-carrying capacity of the station equipment. 

Buzzards. Fourth on the list of disturbances we find the 
heading “ Birds on Line.” The birds troubling this line are 
turkey buzzards. These birds often choose the towers as a 
resting place and here they are liable to ground the line to the 
tower through their own bodies. There is especial danger if 
they sit on the crossarm right below the live wire, particularly 
in the case of the suspension towers of circuits Nos. 1 and 2, 
where two extra units have been added; the clearance here is 
so small (only 24 in.) that even a small buzzard, the moment 
it starts to fly away, easily will reach the line overhead with 
the tip of its wing, while it still touches the tower with its feet. A 
buzzard grounded in this way is always killed and will generally 
drop down to the foot of the tower where it afterwards can be 
found. Fig. 14 shows a good-sized sample. (Toe to beak 
225 in., tip to tip of wings 65 in., tip of wing to toe 34 in.). 
Often they will fall down without even causing a voltage dis- 
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turbance, but frequently they will give rise to an arcing ground, 
which may even develop into a two-wire short circuit. 

On the new line (circuits Nos. 5 and 6) the minimum clear- 
ance from wire to ground is 47 in., so it is hoped that this line 
will prove ''buzzard-proof." | 

Wires Blowing Together. The one voltage disturbance ге- 
corded as being due to this cause, represents a case where the 
ground wire swung into one of the power cables at a place, on 
a special tower, where the clearance distance was abnormally 
small. It is therefore of no special interest. 


PROTECTIVE DEVICES 


Let us review the transmission line troubles: 
They were caused by: 
1. Lightning. 


2. Defective insulators. 

3. Sleet. 

4. Buzzards. 

5. Wires blowing together. 


It has been described how the company has tried to main- 
tain and improve its lines and operating methods so as to avoid, 
as far as possible, trouble from the above causes. In order to 
» maintain continuous operation, also, when. grounds or short 
circuits, due to any of the above causes, occur on the line, 
several different protective devices have been adopted, which 
are briefly described below: 

1. Interlocking Line Relay. Trouble from defective insula- 
tors, sleet, buzzards, and the wind swinging the wires together, 
generally, if they give any trouble whatsoever, result in grounds 
or short circuits that persist on the svstem until the voltage 
is taken off the faulty line; sometimes it may even result in 
a permanent fault, that does not permit restoration of voltage 
until repairs are made. The natural method to safe-guard 
operation against such troubles is therefore to cut the damaged 
line out, and the earlier the better. This means, as a general 
scheme, automatic operation of switches. 

The system in use is illustrated in Fig. 16. It consists simply 
of overload relays at the power house connected in series with 
the line current transformers and also one relay in the ground 
connection for the neutral of each transformer bank. At the 
substation, reverse-current relays take the place of the over- 
load relays at the power house. All these relays are them- 
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selves made as instantaneous in their action as possible, but 
they do not act directly on the trip circuit of their respective 
oil switches, but are used in connection with definite time 
limit relays set for various time-elements ($ to 3 seconds) so 
that a momentary short circuit will not produce action. To 
prevent all three lines from going out by relay action, in case 
there should be a short circuit on all the lines at the same time, 
the trip circuits are interlocked. 

This system has, with various minor changes, been used since 
the starting of the plant. It has not always been entirely 
successful. Difficulties were especially encountered in giving 
the various relavs a suitable current and time setting, and due 
to the complication in wiring introduced, since low-tension 
automatic switching was adopted. Since June, 1914, when 
` various changes were made, 
especially on the reverse-cur- 
rentrelavs,so that they would 
be more sensitive, the record 
shows seven entirely success- 
ful actions, out of a total of 
Overload d Ж : nine times when the condi- 
tions were such that they 
could act correctly. 

It may be asked why the 
same interlocking relay ar- 
rangement 1s not sufficient as 
lightning protection. The 
reason is the simple fact that lightning flash-overs very often will 
occur on both circuits Nos. 1 and 2 at the same time. (It still re- 
mains to be seen whether they will occur on all three circuits at 
the same time.) When both circuits are in trouble at the same 
time, the clearing of both means, of course, a total interruption. 

Even during the first year’s lightning season it was noticed 
that though the lightning short circuits were so severe that it 
was necessary to clear the circuits, the insulators and cables 
were never so badly damaged that it was impossible to come 
right back with the voltage, right after the interruption. This 
indicated clearly that if only some means could be found to 
extinguish the power arcs, an interruption might be avoided. 

The first scheme tried with this end in view was based on 
the idea of clearing one line completely, by means of the high- 
tension oil switches at both ends, while the other one, even 
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if in trouble, was supposed to maintain some kind of synchron- 
ism with the customers’ load; then immediately, t.e., as fast 
as the oil switches could do it, the first circuit would be put 
right back again and the second line cleared, etc. Тһе system 
was actuated by overload relavs at Holtwood and their action 
was transmitted by means of overhead wires to other relays 
at the substation, so as to get synchronous action of the oil 
switches. This system proved a failure mainly because it was 
found that certain atmospheric conditions of no danger to the 
high-tension transmission lines, would produce discharges 
through the overload relay wires and thus unnecessarily actuate 
the relays at the substation and trip the oil switches. The 
system was therefore soon discarded. 

The next system adopted, which is still in use, was the arc 
extinguisher arrangement invented and designed by Mr. L. 
C. Nicholson, Buffalo, N. Y. The principle of this arrange- 
ment is to shunt any arc that arises on the line with a fuse 
wire, so that the current, as long as the fuse lasts, will prefer 
this path to the arc. The fuse is calibrated to blow in from 
5 to 10 cycles (25-cycle system) and this short time, experience 
has proved, is enough to extinguish the arc on the line; there- 
fore as soon as the fuse blows, the line will be clear again. The 
fuse wires are connected across the proper wires automatically 
by means of specially designed magnetic relays and switches. 
The whole arrangement is placed right outside the power house. 
The design of the equipment is such that seldom more than 
one cycle will pass from the time the lightning arc is established 
until the switch is closed. It is in this speed that the apparatus 
has its greatest advantage, since it allows the arc on the line so 
very little time to spread and do damage. 

An important point for successful operation is to have the 
fuses timed correctly. If this time is too short the arc may 
be re-established, and if too long, it is very difficult for the 
synchronous load to remain in synchronism. The size of the 
fuse to use was originally determined by test. As a check 
against values found this way, cycle recorders are also installed 
between the fuse banks, so that an actual record of the time 
it takes a fuse to blow, during a lightning storm, always can be 
found afterwards. 

Figs. 204 and 20в are two oscillograms which illustrate the 
action the short-circuiting of the lines with such fuses has on 
the system. One oscillograph was mounted at the power house 
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and one at the substation. On both oscillograms the two 
outer curves represent the low-tension bus voltage, while the 
middle wave represents the high-tension line current. The 
short circuit was a three-phase one made with No. 16 B. and S 
copper wire. Two generators of 10,000 kw. capacity were feed- 
ing a synchronous load of seven 1000-kw. synchronous con- 
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verters over one line. It will be seen that the fuse blew in 
52 cycles. 

As the relays work on the principle of overload, the fuses 
are now only put in service when a lightning storm is reported. 
Otherwise it can not be prevented that fuses unnecessarily 
will blow and thus introduce undesirable complications when 
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short circuits occur on the low-tension system, and on other 
occasions when their action cannot possibly be of any benefit. 

This device is especially satisfactory on the Baltimore line 
when only a ground or two-wire short circuit occurs. In such 
cases it saves all or practically all the synchronous load. On 
three-phase short circuits the action 1s more severe, but generally 
about 50 per cent of the load can be saved, especially if the 
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synchronous converters of the connected load are separately 
excited or by other means prevented from reversing polarity. 
Bv keeping the voltage on the line all the time it makes it also 
possible to restore lost load more quickly than otherwise would 
Бе the case. In 1913 and 1914 1 cleared the line successfully 
a total number of 25 times out of 40 times the lightning hit the 
line. Wherever it has failed it has génerally been possible to 
trace the cause to using a fuse of the wrong size. 

Another lightning protective device in use which also has 
as its purpose, not to prevent lightning flash-overs, but to 
minimize their consequences by extinguishing the arcs, is the 
so-called field destroving and restoring device invented by Mr. 
F. E. Ricketts, of Baltimore. 

The principle of this device is simply that whenever a short 
circuit occurs on the line, the ficld of all the generators will 
for a moment be destroved, so as to allow the arc on the line 
to be extinguished on account of lack of voltage, and then 
immediately after be built up again so as to force the synchron- 
ous load into step again before the synchronous converters, 
frequency changers, etc., have come to a stop. The necessary 
switching for operating this device is naturally done automati- 
cally. 

The actuating relays are in this case either an overload relay 
(of the ordinary plunger type) in the generator circuit, or the 
above-mentioned relays in the neutrals of each transformer 
group. Both of these relays act as instantaneously as relays 
of their type will permit, but in order to give the Nicholson 
arc extinguisher and the interlocking relay arrangement the 
first chance to clear the trouble, they are used in connection 
with a definite time element, at present set for four seconds. 
When these four seconds are up, a clutch for a small motor, 
which is running continually, will be thrown in contact and 
start a drum rotating. On this drum contacts are arranged 
so that as soon as it starts all the ordinary field circuit breakers 
(one for each generator,) will be opened simultaneouslv, at the 
same time short-circuiting the field windings across their re- 
spective discharge resistances, thus allowing the field graduallv 
to die out and the line voltage to be reduced correspondinglv. 
Meanwhile the drum continues to revolve and will, after a 
predetermined time (originally 5 sec., now 11 sec.), close other 
contacts which have the effect of slamming all the circuit break- 
ers in again. Immediately the fields and line voltage start to 
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build up again. After some surging between the generators 
themselves individually and the generator and synchronous 
load, the voltage will again be normal, generally after about 
one minute. The drum continues to rotate until it has made 
one complete revolution, after which time it 1s disengaged from 
the motor and the whole equipment ready for another operation. 

The record for this device shows for 1913 and 1914 a total 
number of 12 successful lightning operations and 4 failures. 

Comparing this device with the Nicholson arc extinguisher, 
it must be said that the fuse arrangement has been given pre- 
ference and first chance for acting, mainly on account of its 
quickness of action, which saves the line from too severe damage, 
and also on account of the excellent results it has produced in 
case of the lesser lightning disturbances like grounds and two- 
wire short circuits. 

The field-destroying device treats all lightning disturbances 
as equally severe and produces the same disturbance on prac- 
tically all of them, but seems, on the other hand, to have the 
great advantage of extinguishing the arcs with more certainty. 

Difficulties with this device can mainly be traced back to 
the waterwheel governors. It is especially difficult when the 
synchronizing power between the generators themselves for a 
moment is lost with the field, to prevent a generator whose prime 
mover is on hand control (1.е., has a steady gate opening), 
from speeding up beyond the others. Much improvement in 
this respect has, however, been gained by decreasing the time 
the field was left off from 5 seconds to 13 seconds. 


CONCLUSION 


It has been shown that while lightning still gives rise to a 
number of disturbances, these have been very materially re- 
duced both in number and in severity, year for year, by the use 
of special protective devices. As to sleet, special operating 
methods have been adopted during such storms, which it 1s 
believed will prevent trouble from this cause. The approach- 
ing danger from deterioration of the insulators has been dis- 
covered at an early stage, and rigid and repeated elimination 
tests of bad insulators, with megger, have been adopted as part 
of the routine maintenance, so that it is felt that operation will 
have but little to fear from this source. 
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Panama-Pacific Convention, 
and International Engineer- 
ing Congress 


As announced in previous issues of 
the PROCEEDINGS, the Panama- Pacific 
Convention of the Institute will be held 
'n бап Francisco, September 16 to 
18, 1915. 

Conventions will also be held in San 
Чгапсівсо upon the same dates by the 
American Society of Civil Engineers, 
he American Society of Mechanical 
*?ngineers and the American Institute 
f Mining Engineers. 

The International Engineering Con- 
‘ress, which has been organized by the 
our societies named above and the 
society of Naval Architects and Marine 
<ngineers, will be held during the week 
mmediately following; namely, Septem- 
oer 20-25, 1915. 

The local committees representing 
the various organizations concerned are 
-ooperating in formulating the plans 
:or these several meetings, thus insur- 
ing the advantages of a harmonious 
and comprehensive program of techni- 
за] sessions, inspection trips, and other 
interesting features, to all who attend 
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this general gathering of the engineering 
profession in San Francisco. 


Transportation | 


The transportation arrangements 
from the East to these various conven- 
tions and the Congress have been made 
by a joint committee on reception and 
transportation, and have been an- 
nounced in detail in a special circular 
issued to the membership of all the 
participating societies in March, 1915. 
Briefly, these arrangements include a 
special train leaving New York City at 
7:45 p.m., Thursday, September 9, 
and arriving in San Francisco at 9 p.m. 
on Wednesday, September 15, with 
stop-overs at Niagara Falls, Colorado 
Springs, and the Grand Canyon. A 
special train will also leave New Orleans 
on Sunday, September 12 at 11 a.m., 
via the Southern Pacific Railway, ar- 
riving in San Francisco on Wednesday, 
September 15, at 1 p.m. Members may 
join either special train en route. 
'There will be no return special train ser- 
vice, but members will have their choice 
of several return routes. Rates for 
the special trips: The fare from New 
York to San Francisco, and return by 
any other route except via Portland, 
Ore., (good for three months), is $98.80. 
The return trip via Portland is $17.50 
extra. The side trip from Williams to 
Grand Canyon is $7.50. Pullman rates 
from New York to San Francisco are: 
one way, lower berth, $22.00, upper 
berth, $17.60, compartment, $62.00 
(one and one-half railroad fares required 
for use of one person), drawing room, 
$77.00 (two railroad fares required). 

Reservations for this train are being 
made by G. S. Harner, Passenger 
Agent, New York Central Lines, 1216 
Broadway, New York City, and ap- 
plications for reservations should be 
made promptly to him. Mr. Harner 
will arrange for the transportation of 
those desiring to travel on this train, 
and for their return over any other line, 
or at any time specified. 

The fare from New Orleans to San 
Francisco and return is as follows: 
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Round trip fare, New Orleans to San 
Francisco and return, good for three 
months, $57.50, going and returning 
over the same route, or going via the 
Southern Pacific and returning via 
Santa Fe; round trip fare, New Orleans 
to San Francisco, returning to Chicago, 
$62.50. Pullman rates, New Orleans 
to San Francisco, one way, lower 
berth, $11.50, upper berth, $9.20, draw- 
ing room, $41.00 (two railroad fares 
required), compartment, $32.50 (one 
and one-half railroad fares required for 
use by one person). 

Reservations for this trip may be 
made by addressing J. H. R. Parsons, 
General Passenger Agent, Southern 
Pacific Company, New Orleans, La. 
In asking for reservations the state- 
ment should be made that the request 
is in connection with the engineering 
party. Reservations will be made in 
one car until that is filled, and so on; 
and should there be a sufficient number, 
the party can have a special train. 


Hotel Accommodations 


The headquarters of the Institute will 
be at the St. Francis Hotel, which is 
only a block away from the Native 
Sons of the Golden West Building, in 
which the Institute convention sessions 
will be held. Information regarding 
rates at the St. Francis and many 
other San Francisco hotels was pub- 
lished in the special circular referred to 
above. Members expecting to attend 
the convention are advised to make 
reservations for hotel accommodations 
promptly. If desired the Panama- 
Pacific Convention Committee will 
be glad to make reservations for ac- 
commodations for Institute members, 
in which case application should be 
made by telegram, letter or otherwise, 
as promptly as possible, to Mr. W. W. 
Briggs, Chairman, 14 Sansome Street, 
San Francisco, Cal., giving hotel pre- 
ferred, specific information regarding 
the date of arrival, character of accom- 
modations and approximate rates de- 
sired. In order to avoid duplication 
of work, members should also advise 
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Mr. Briggs whether or not th: "e « 
taken up the question of hot; гез, 
tions with any other engineerir зу, t> 
or directly with any other ho ° 

The Рапата-Расібс Conven: 7. Г. i 
mittee of the Institute, which . +» 
ing its time to planning for :.. . 
vention and providing for th. © wri s.s 
and entertainment of visiting «niv: 
is composed as follows: 

Messrs. W. W. Briggs, Chaw a, -' 
H. Babcock, А. G. Jones, H. А. ! oviro, 
J. T. Whittlesey, and C. J. Wilsov, ди f 
San Francisco; Prof. C. L. Сес, Usi- 
versity of California; Prof. 1 .: ` 
Ryan, Leland Stanford, Jr., Ui. sisis, 
Мг. L. T. Robinson, Сһаігт.'. боз 
tute Meetings and Papers Сс: ли! > 
Messrs. H. Н. Barnes, Jr., аге 025045 
F. Sever, of New York. 


Technical Program of Panama- Рас 


Convention 
The following is a progran. ·: “< 
technical sessions of the Ir ' rites 


Panama-Pacific Convention. 

Reprints of all convention ^i г. 
will be available without ch: © w 
registration headquarters. 


THURSDAY, SEPTEMBER ;^ 
10:00 A.M. 


Opening Ceremonies. 


10:30 A.M. 


The convention will separate irio 
two parallel sessions, as follows: 


1. Physical. Limitations їп D-C.. Coni- 
mutating Machinery, by b. ©. 
Lamme. г. 

2. Ашотайсайу Controlled 
tions, by Е. W. Allen and ia» 
Taylor. 


. 
: М 
BE э Б, 


Martine and Lighting Sesston. 

3. Standard Marine Electrical 1v 
lations, by H. А. Hornor 

4. Recent Improvements ат 
Lighting of Steam Ratlrocd i` -. 
by R. C. Lanphier. 


Pan SP ; 
PA BARSE F) 
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2:30 P.M. 


Three parallel sessions will be held 
as follows: 
Electrophystcs Sesston. 
5. The Effects of Transtent Voltages 
оп Dielectrics, by F. W. Peek, Jr. 
6. Arc Phenomena, by A. G. Collis. 
7. Experimental Researches on Skin 
Effect іп Conductors, Бу А. Е. 
Kennelly, F. A. Laws, and T. H. 
Pierce. 


Valuation of Public Utilities Session. 

Symposium on Inventorics and Ap- 
praisals of Properties. 

8. Part I, by C. L. Cory. 
9. Part II, by W. G. Vincent. 
„10. Part III, by W. J. Norton. 

These papers will be supplemented 
at the session by contributions from 
other members of the Committee on 
Inventories and Appraisals of Proper- 
ties. 


Joint Session 

Radio Engineers. 

11. *Sustained High Frequency High 
Voltage Discharges, by Harris J. 
Ryan and Roland G. Marx. 

*The Institute of Radio Engineers’ paper. 
For copies of this paper apply to В.В. Wool- 
verton, Radio Inspector, Customs House, San 
Francisco.. 


with the Instttute of 


FRIDAY, SEPTEMBER 17 


10:00 A.M. 


Two parallel sessions will be held, as 
follows: 

Telephony and Telegraphy Sesston. 

12. Submarine Cable Кара Telegraphy: 
Ocean and Intercontinental Tele- 
bhony, by Bela Саи. 

13. Automatic Switchboard Telephone 
уушет of Los Angeles, Cal., by 
W. Lee Campbell. 

14. Continuation of discusston on In- 
ductive Interference. Introduced 
by Joint Committee on Induc- 
tive Interference. 


Mine Work Session. 

15. Dtesel Engines for Generator Drive, 
by Charles Legrand. 

16. A Large Electric Hoist, by Wilfred 
Sykes. 
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17. The Modern Electric Mine Locomo- 
tive, by Graham Bright. 


i 2:30 P.M. 


Three parallel sessions will be held, 
as follows: 
Joint Session with the American Elec- 
trochemical Soctety. 
18. Overhead Electrolysts and Porcelain 
Strain Insulators, by S. L. Foster. 
19. *Corroston of Copper Wireless An- 
tennae, by L. W. Webb. 
20. *Electrochemical Possibilities in Cali- 
fornia and on the Pacific Coast, 
.by J. W. Beckman. 


*American Electrochemical Society's* papers. 
For copies of these papers apply to Dr. Joseph 
W. Richards, Secretary, South Bethlehem, Pa. 


Transmission Session. 

21. Delta-Cross Connection of Trans- 
formers, by G. P. Roux. 

22. Harmonics in Transformer Magnel- 
izing Currents, by J. Е. Peters. 

23. Phenomena Accompanying Trans- 
misston with some Types of Star 
Transformer Connections, by L. 
N. Robinson. 

24. Abnormal Voltages 1n Transformers, 
by J. Murray Weed. 

25. Calculation of Short-Circuit Phe- 
nomena of Alternators, by N. S. 
Diamant. 


Joint Session with the Institute of Radio 
Engineers. 

26. *Radio Development in the United 
States, by Robert H. Marriott. 


*The Institute of Radio Engineers’ paper. 
For copies of this paper apply to R. В. Wool: 
verton, Radio Inspector, Customs House, San 
Francisco. 


Meetings of Other Societies 
The headquarters of the three other 
national engineering societies which 
are to hold conventions in San Fran- 
cisco on September 15-18 will be as 
follows: 


Hotel Meeting 
Society Headquarters Place 
А. S. C. E St. Francis Hotel 
A. I. M. E Bellevue Hotel 
A. S. M. E Native Sons of 


Clift 
: the Golden West 
Building. 
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The meeting of the American So- 
ciety of Civil Engineers is the Forty- 
Seventh Annual Convention of the 
Society. The program includes a wel- 
coming address by President Charles 
D. Marx; a Panama Canal session; a 
reception, dinner and dance in the Old 
Faithful Inn on the grounds of the 
Panama-Pacific International Exposi- 
tion, and excursions to Del Monte, 
Santa Cruzand San Jose. The Society, 
through its Secretary, Charles Warren 
Hunt, has extended a cordial invita- 
tion to the membership of the Institute 
to participate in these events. 


International Engineering Congress 


Information regarding the plans for 
the International Engineering Congress, 
which have been made by a Committee 
of Management consisting of repre- 
sentatives of the societies interested, has 
been given in previous announcements 
in the PROCEEDINGS, and in various 
circulars issued during the past year. 
The technical program will include pa- 
pers under the following classifications: 
Index and Digest; The Panama Canal; 
Waterways, Irrigation; Railways; Mu- 
nicipal Engineering; Materials of En- 
gineering Construction; Mechanical En- 


gineering; Electrical Engineering, 
Mining Engineering, Metallurgy; 
Naval Architecture and Marine En- 
gineering; Miscellaneous, including 
Military Engineering, Aeronautical 


Engineering and Heating and Ventila- 
tion. 

Over 3,000 members have already 
been enrolled. 

Members of the Institute who have 
not yet enrolled in the Congress, and 
who desire to do so, should send their 
remittance of $5.00 to W. A. Cattell, 
Secretary, Foxcroft Building, San Fran- 
cisco, Cal. This nominal fee entitles 
subscribers to `a certificate of mem- 
bership, to participate in the delibera- 
tions of the Congress, to an index 
volume of the Proceedings, and to one 
of the volumes covering the technical 
subjects indicated above. Additional 
volumes may be purchased at a nom- 
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inal price. The Congress wil be 
opened at 10 a.m., Monday, September 
20: Sessions will be held in the New 
Civic Auditorium Building. Programs 
of the Congress may be obtained upon 
application to W. A. Cattell. 


Technical Excursions 


As announced in the July PROCEED- 
INGS, the Committee of Management 
of the Congress has published a circular 
containing an outline of the various 
excursions to points of engineering in- 
terest which have been arranged in con- 
ference with the local committees of 
the other societies concerned, and 
which will be open to all members and 
guests attending the Congress or any 
of the conventions referred to above. 
Copies of the circular may be obtained 
upon application to the headquarters 
of the Committee on Management, 
Foxcroft Building, San Francisco, or 
to the Secretary of the Institute. 

These excursions include visits to the 
San Francisco High-Pressure Fire- 
System; the Potrero Gas Works, and 
Electric Station “А”, Pacific Gas and 
Electric Company; Spring Valley Water 
Works properties on east side of San 
Francisco Bay; Spring Valley Water 
Works Storage Reservoirs and Pump- 
ing Stations, on the San Francisco 
Peninsula; the Delta Lands of the 
Sacramento and San Joaquin Rivers; 
Great Western Power Company's Hy- 
droelectric Development on the Fea- 
ther River; Gold Dredging at Oroville; 
Gold Mines at Grass Valley; Spauld- 
ing Drum Development of the Pacific 
Gas and Electric Company; and the 
Oil Fields at Coalinga. 


Association of Iron and Steel 
Electrical Engineers’ Annual 
Convention 


The annual convention of the Associa- 
tion of Iron and Steel Electrical En- 
gineers will be held at the Hotel Statler, 
Detroit, September 8-11, 1915. There 
will be joint sessions with the American 
Institute of Electrical Engineers on 
Thursday, September 9, which all 
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members of the Institute are invited 

to attend. For the joint sessions there 

will be three papers presented by the 

Iron and Steel Electrical Engineers, 

and one paper and one lecture by the 

American Institute of Electrical En- 

gineers, the titles of which are as fol- 

lows: 

Automatic Aids to Power Plant Opera- 
tion, by C. P. Steinmetz. 

Description of Modern Developments, 
by P. M. Lincoln. 

Latest Electrical Developments, by 
K. A. Pauly. 

Progress in the Iron and Steel Industry 
and the Electric Furnace, by Karl 
Georg Frank. 

Lecture on Mechanical Analogies in 
Electricity and  Magnetism, by 
W. S. Franklin. 

Copies of the program may be ob- 
tained by interested members upon ap- 
plication to Mr. W. T. Snyder, Secre- 
tary of the Association of Iron and Steel 
Electrical Engineers, McKeesport, Pa. 

Institute Meeting in Phila- 
delphia, Pa., October 11, 1915 


An Institute meeting will be held in 
Philadelphia, Pa., on Monday, October 
11, 1915, under the auspices of the 
Philadelphia Section. This meeting 
was authorized by the Board of Direc- 
tors of the Institute on April 9, 1915. 
À complete program will appear in a 
later issue of the PROCEEDINGS. 


Institute Meeting in St. Louis, 
Mo., October 19 and 20, 1915 


A two-day Institute meeting will be 
held in St. Louis, Mo., under the aus- 
pices of the St. Louis Section, on Tues- 
day and Wednesday, October 19 and 
20, 1915. The meeting was authorized 
by the Board of Directors of the In- 
stitute on April 9, 1915, upon request 
of the St. Louis Section, and it will be 
the occasion of the 100th meeting of 
that Section. The local officers are 
arranging an attractive program of 
interesting papers and other features, 
which will be published later. 
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Convention of Illuminating 
Engineering Society, Wash- 
ington, September 20-23, 1915 


The Illuminating Engineering Society 
will hold its ninth annual convention 
at the New Willard Hotel, Washington, 
D.C., September 20-23, 1915. Тһе 
papers, which promise to be of an unusu- 
ally high standard, will be distributed 
over ten sessions. 

The preliminary draft of the pro- 
gram shows 36 titles of papers, in addi- 
tion to committee reports, etc. One of 
the sessions will be devoted especially 
to the subject of street lighting; com- 
mercial, general and laboratory papers 
will each be given three sessions. In- 
spection trips, a reception, and a ban- 


-quet are among the entertainment 


features. 

Information regarding the conven- 
tion may be had upon application to 
the general office of the Society, 29 
West 39th Street, New York. 


A. X. E. E. Mortgage Paid 


At the May meeting of the Board of 
Directors the Finance Committee re- 
ported that it had considered the advisa- 
bility of paying off the remainder of the 
Institute's share of the indebtedness 
upon the land occupied by the Engineer- 
ing Societies Building, amounting to 
$54,000. The conclusion reached by 
the committee was that the best in- 
terests of the Institute would be served 
by the payment of the mortgage at this 
time, and it recommended that this 
action be taken. "The Board approved 
the recommendation, and authorized 
the Finance Committee to sell, through 
the Treasurer and the Secretary, such 
securities owned by the Institute as 
would be necessary to make up the 
required amount. 

At the meeting of the Board at the 
Deer Park Convention on July 1, the 
Finance Committee reported that in 
accordance with the action of the Board 
taken at the May meeting the necessary 
securities to make up the sum required 
for the payment of the mortgage had 
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been sold, and the payment of the 
$54,000 had been made on June 25, 
1915, thus completing the payment of 
$180,000, representing one-third of the 
$540,000 which was the cost of the land 
upon which the Engineering Societies 
Building stands. 

The membership is to be congratu- 
lated upon the fact that the Institute 
was able to discharge its mortgage 
indebtedness without the necessity of 
curtailing any of its present activities. 

The other two founder societies, 
namely, the American Society of Me- 
chanical Engineers, and the American 
Institute of Mining Engineers, have 
also completed their payments of 
$180,000 each, and therefore the entire 
mortgage upon the property of the 
United Engineering Society, which is 
composed of representatives of the 
three founder societies, the А. S. M. E., 
the A. I. M.-E., and the A. I. E. E., 
has now been satisfied. 


Amendment to By-Law Provide 
ing for Student Enrolment 


Acting upon the recommendation of 
the Board of Examiners and the Sec- 
tions Committee, the Board of Direc- 
tors at its meeting held on July 1, 1915, 
at the Deer Park convention, amended 
Section 61 of the Institute by-laws 
providing for the enrolment of students. 
The by-law was amended so that the 
privilege of student enrolment may be 
extended to the students of all educa- 
tional institutions giving courses of 
instruction іп electrical engineering 
subjects. The former by-law provided 
that “апу person pursuing a regular 
course of study in electrical subjects 
and registered as a student in any uni- 
versity or technical school of recognized 
standing,” might be enrolled, and under 
a ruling by the Board of Directors a 
few years ago, the term “ technical 
school of recognized standing” was in- 
terpreted to apply to schools of college 
grade giving a course of not less than 
three years in electrical engineering 
and granting degrees. Therefore, elec- 
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trical engineering students in schools 
not of college grade were not able to 
avail* themselves of the privileges of 
enrolment in the Institute, which in- 
clude the regular receipt of the In- 
stitute PROCEEDINGS. The question 
was discussed at the meeting of the 
Board of Examiners held on May 17, 
and a resolution was passed recom- 
mending to the Board of Directors that 
the restriction be removed so far as it 
applied to student enrolment. 

The text of the by-law as amended 


is as follows: 

Sec. 61. Any person registered as a student in 
any educational institution, pursuing a regular 
course of study in electrical subjects. and at- 
tending classes therein, may be enrolled as a 
* Student of the American Institute of Electrical 
Engineers,” as hereinafter provided. 


Deer Park Convention 


The thirty-second annual convention 
of the Institute was held in accord- 
ance with the program previously an- 
nouncéd, at the Deer Park Hotel, Deer 
Park, Md. June 29-July 2, 1915. 
The total number of members and 
guests in attendance was 202, includ- 
ing 43 ladies. Although conditions 
this year were not conducive to a large 
attendance, nevertheless those who did 
attend were amply repaid, as the con- 
vention was in every way satisfactory, 
both from an engineering and social 
viewpoint. The papers and discussions 
were of the usual high grade and the 
enjoyment of all in attendance was 
greatly enhanced by the excellent ar- 
rangements made by the Convention 
Committee for the entertainment of 
members and guests. 


TUESDAY MORNING 


The convention was called to order 
at 10:50 a.m. Tuesday by President 
Paul M. Lincoln, who delivered his 
Presidential Address, on '' The Trend 
of Electrical Development." (This is 
printed in Section II of this issue.) 
After announcements by Mr. Farley 
Osgood, chairman of the Games Com- 
mittee, the technical program for the 
morning was taken up. 
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Dr. John B. Whitehead presented 
his paper, The Electric Strength of Air— 
VI. After discussion on this paper, 
Mr. Percy H. Thomas, in the absence 
of the author, presented Mr. John F. 
H. Douglas's paper, The Reluctance of 
Some Irregular Magnetic Fields. Dr. 
Frederick Bedell followed with the 
presentation of the series of three 
papers, under the general title Irregular 
Wave Forms, prepared by Frederick 
Bedell, R. Bown, H. A. Pidgeon, C. L. 
Swisher, and F. M. Mizushi. The 
time allotted for the discussion on this 
series was taken up with the reading 
of a 3500-word contribution telegraphed 
from San Francisco to Pittsburgh by 
the California Joint Committee on In- 
ductive Interference, and relayed by 
telephone that morning from Pitts- 
burgh to Deer Park. 


TUESDAY AFTERNOON 


The program for Tuesday afternoon 
began with the presentation of five 
papers on Foundation for Transmission 
Line Towers, and Tower Erection, pre- 
pared by Messrs. J. A. Walls, J. B. 
Leeper, W. E. Mitchell, P. M. Down- 
ing, and F. C. Connery. Mr. Leeper 
presented his paper, and, as none of 
the other authors was present, Mr. 
Percy H. Thomas, chairman of the 
Transmission Committee, abstracted 
the remaining four papers. Mr. 
Thomas then abstracted ʻa paper by 
Mr. A. Bang, entitled Four Years’ 
Operating Experience on a High-Ten- 
ston Transmission Line (published in 
July, 1915, PRocEEDINGS), which was 
first presented at the meeting of the 
Baltimore Section on February 26, 
1915, and scheduled for discussion at 
the Deer Park Convention. 

After the discussion on the foregoing 
papers, Mr. D. B. Rushmore, chair- 
man of the Industrial Power Com- 
mittee, presented his topical discussion 
on Fields of Motor Application, and 
. introduced the speakers who had pre- 
pared short papers on particular phases 
of motor application. Mr. Rushmore 
also presented Mr. H. E. Stafford's 
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paper on Electricity in Grain Elevators. 
The subject was then opened for a 
general discussion from the floor. 


TUESDAY EVENING 


The usual reception and dance was 
held at the hotel on Tuesday evening, 
June 29. Those who received were: 
President Paul M. Lincoln and Mrs. 
Lincoln, of Pittsburgh, President-elect 
John J. Carty, of New York, Mrs. 
Farley Osgood, Newark, N. J., Hon- 
orary Vice-President Harris J. Ryan, 


of Stanford University, Cal, Mrs. 
Comfort A. Adams, of Cambridge, 
Mass., Past-President Dugald С. 


Jackson, of Boston, Mrs. J. Franklin 
Stevens, of Philadelphia, and Secre- 
tary F. L. Hutchinson, of New York. 
About 150 were present on this 
occasion and an excellent orchestra 
provided music for dancing, which was 
continued until after midnight. 


WEDNESDAY MORNING 


On Wednesday morning President 
Lincoln called the meeting to order at 
9:30 o'clock, ahead of the scheduled 
time, to allow for the completion of 
the discussion on Zrregular Wave Forms, 
continued from the Tuesday morning 
session. At the close of that discus- 
sion, the president called forthe pres- 
entation of the two papers, Classtfica- 
tion of Alternating- Current. Motors, by 
Val. A. Fynn, and The Classification of 
Electromagnetic Machinery, by Fred- 
erick Creedy. Professor Comfort A. 
Adams, secretary of the Standards 
Committee, made an introductory 
statement, describing the difficulties 
the committee had met with in trying 
to devise a system of nomenclature for 
alternating-current motors, and said 
that for that reason the two papers 
of the session had been prepared at 
the request of the Standards Com- 
mittee in order to bring the subject 
up for general discussion. Mr. Fynn 
then presented his paper, and Professor 
Adams presented the paper by Mr. 
Creedy, and the two were discussed 
together. 
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WEDNESDAY EVENING 

The Wednesday evening session was 
called to order at 8:30 o'clock, and 
President Lincoln introduced  Presi- 
dent-elect J. J. Carty. Mr. Carty 
made a brief address, expressing his 
sense of the honor conferred upon 
him by the membership of the Insti- 
tute. In referring to the successful 
year the Institute had enjoyed under 
the guidance of President Lincoln, Mr. 
Carty mentioned three things for which 
the year was notable—the growth in 
solidarity and the disappearance of 
sectional feeling in the Institute, due 
largely to Mr. Lincoln's long-continued 
interest in the Sections and his efforts 
to tie them together as parts of one 
great national institution, the paying 
off of the Institute's share of the mort- 
gage on the Engineering Societies 
Building in New York, and the move- 
ment for the welfare of the engineer as 
a man, signalized at the meeting called 
to discuss '' The Status of the Engineer.” 

The president then introduced Pro- 
fessor Harris J. Ryan, Honorary Vice- 
President of the Institute on the 
Pacific Coast. Professor Ryan brought 
the greetings of the membership on 
the coast to the annual convention, 
and extended an invitation to all to 
come to the engineering congresses to 
be held in San Francisco in September 
in connection with the Panama-Pacific 
International Exposition. 

Mr. Farley Osgood then made thc 
presentation of the Past-President’s 
badge to President Lincoln, expressing 
the appreciation of the Board of Direc- 
tors and the Institute for his services 
during the year, and the pleasure the 
Directors had had in working with him. 

In his response, President Lincoln 
spoke of his gratitude for the support 
that had been given him by the mem- 
bers of the Board of Directors and the 
standing and special committees. He 
then called upon President A. S. Mc- 
Allister of the Illuminating Engincer- 
ing Society to preside at the technical 
session, a joint meeting of the Society 
and the Institute. 


President McAllister called upon Mr. 
Preston S. Millar to present his paper, 
The Effective Illumination of Streets, 
which brought out considerable dis- 
cussion. 


THURSDAY MORNING 


The Thursday morning session was 
devoted to the consideration of papers 
prepared under the auspices of the 
Railway Committee. Chairman D. C. 
Jackson of the committee, after his 
introductory remarks, presented an 
abstract of the paper by Charles H. 
Jones, Unprotected Top-Contact Rail 
for 600-Volt Traction System. Mr. J. 
V. В. Duer presented his paper, Third- 
Кай and Trolley System of the West 
Jersey and Seashore Ratlroad. The 
next paper, Contact System of the South- 
ern Pacific Company— Portland Division, 
by Paul Lebenbaum, was presented, 
in the absence of the author, by Mr. 
R..F. Monges. A paper in two parts, 
by Messrs. E. J. Amberg and Ferdi- 
nand Zogbaum, on Construction and 
Maintenance Costs of Overhead Contact 
Systems, was presented by the authors. 
Mr. J. B. Cox presented his paper en- 
titled Contact Svstem of the Butte, Ana- 
conda and Pacific Railway. The last 
paper in the series was then presented 
by Mr. C. J. Hixson, on Contact Con- 
ductors and Collectors for Electric Rail- 
ways. The discussion on the whole 
group of papers followed. 


SECTION DELEGATES 


The delegates of the Sections of the 
Institute, together with the other 
members of the Sections Committee 
and members of the Board of Directors, 
met for informal discussion at luncheon 
on Tuesday, Wednesday and Thursday, 
June 29, 30 and July 1. Mr. H. A. 
Hornor, of Philadelphia, chairman of 
the Sections Committee, presided. 

These meetings were exceedingly in- 
teresting to all who attended and pro- 
vided an opportunity for informal dis- 
cussion of many subjects relating to 
the welfare of the Sections, and the 
membership in general. 
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The regularly scheduled conference 
of officers and delegates, frequently re- 
ferred to as the “ experience meeting,” 
at which each delegate reports briefly 
upon the activities of his Section, was 
held on Thursday evening, July 1. At 
a later date a printed report of this con- 
ference, together with a resume of the 
actions taken at the luncheons, will be 
prepared and forwarded to the dele- 
gates in attendance and to Section 
officers. This report will also be avail- 
able, upon application to the Secretary, 
to any other members of the Institute 
who may be interested. 

A complete list of the delegates pres- 
ent is as follows: 


Atlanta A. M. Schoen 
Baltimore John B. Whitehead 
Boston ‚ G. W. Palmer, Jr. 
Chicago E. W. Allen 
Cleveland Howard Dingle 
Detroit-Ann Arbor H. H. Norton 
Fort Wayne L. D. Nordstrum 
Imdianapolis- 

Lafayette J. L. Wayne, 3rd 
Ithaca Frederick Bedell 
Los Angeles J. E. Macdonald 
Lynn W. H. Pratt 
Madison F. A. Kartak 
Milwaukee L. L. Tatum 
Minnesota Emil Anderson 
Panama Carl W. Markham 
Philadelphia H. F. Sanville 
Pittsburgh J. W. Welsh 
Pittsfield W. W. Lewis 
Portland, Ore. R. F. Monges 
Rochester E. L. Wilder 
St. Louis S. N. Clarkson 
San Francisco Harris J. Ryan 
Schenectady H. M. Hobart 
Seattle E. A. Loew 
Spokane D. F. Henderson 
Urbana E. B. Paine 


Washington, D. C. John H. Finney 


FRIDAY MORNING 


President Lincoln called the meeting 
to order at 10:10 o'clock, and called 
upon Mr. Chester L. Dawes to present 
his paper on Phase Angle of Current 
Transformers. He was followed by 
. Mr. Charles L. Fortescue, who pre- 
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sented his paper entitled Calibration of 
Current Transformers by Means of 
Mutual Inductances, and the two papers 
were discussed together. The paper 
on The Induction Watt-Hour Meter, 
by V. L. Hollister, was then presented 
in abstract by Dr. M. G. Lloyd, and 
discussed. The last paper of the 
morning, The Measurement of Dtelec- 
tric Losses with the Cathode Ray Tube. 
was presented by the author, Mr, 
John P. Minton. 


FRIDAY AFTERNOON 


At the opening of the afternoon 
session, beginning at 2:00 o'clock, the 
discussion on Mr. Minton's paper was 
continued. When that had been com- 
pleted, President Lincoln called upon 
Honorary Vice-President Ryan to pre- 
side during the discussion on the papers 
for the afternoon. 

Mr. Percy W. Gumaer presented his 
paper, Economic Operation of Electric 
Ovens. At the close of this discussion, 
the final paper, Class Rates for Electric 
Light and Power Systems or Territories, 
by Frank С. Baum, was abstracted Бу” 
Mr. H. M. Hobart. The discussion on 
this paper Мозе the session and the 
convention. 


ENTERTAINMENT 


Ample entertainment features were 
arranged by the General Convention 
Committee, of which Mr. John H. 
Finney was chairman, and the Games 
Committee, of which Mr. Farley Os- 
good was chairman. In addition to 
the features specially referred to else- 
where, there were facilities for bowling, 
swimming, riding, and there was in- 
formal dancing each evening. 

On Thursday evening, Mr. W. E. 
Lowes, Assistant General Passenger 
Agent of the Baltimore and Ohio Rail- 
road, favored those in attendance with 
an illustrated historical sketch of early 
American railroad methods, which was 
of great interest to the members and 
ladies present. 

At the meeting of the Board of 
Directors held on Thursday noon, 
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July 1, the following resolution was 
unanimously adopted: 

Resolved, that the Board of Directors of 
the American Institute of Electrical Engineers 
hereby expresses its hearty appreciation of the 
Services rendered by the members of the Meetings 
and Papers and Convention Committees in 
making, and carrying out with gratifying success, 
the plans for the 32nd Annual Convention at 
Deer Park, Md., June 29- July 2, 1915. 

Suitable resolutions were also adopt- 
ed expressing appreciation of the co- 
operation of the management of the 
Deer Park Hotel and the Passenger 
Department of the Baltimore and Ohio 
Railroad, in providing for the comfort 
and pleasure of the members and 
guests in attendance at the convention. 


BASEBALL 


The annual baseball game on Thurs- 
day afternoon, July 1, between the 
“ Neverwases,’’ Capt. Osgood, and the 
“ Hasbeens,’’ Capt. Hall, resulted іп a 
victory for the latter by the score of 
13 to 11. The large and enthusiastic 
audience was repaid for its attendance 
by the first public demonstration of 
many surprising innovations in the 
Science and art of baseball. 

The prizes were awarded as follows: 

Longest hit: F. W. Chapman, New- 
bury, S. C. 

Most runs: M. G. Lloyd, Chicago. 

Most hits: K. D. Fisher, Huguenot 
Park, N. Y. 

Most errors: E. H.  Martindale, 
Cleveland. 

Mr. L. T. Robinson, of Schenectady, 
and Prof. Dugald C. Jackson, of Boston, 
filled the responsible positions of um- 
pire and official scorer, respectively, 
to the satisfaction of both teams, not- 
withstanding the strenuous efforts of 
partisans of the opposing forces to 
penetrate their strict neutrality. Only 
the absence of scouts from the major 
leagues prevented flattering offers be- 
ing made to several of the players, and 
hence the danger of a great loss to the 
engineering profession was avoided. 

On Thursday evening after Mr. 
Lowes’s lecture, referred to elsewhere, 
Mr. H. W. Flashman, in a humorous 


and graceful speech in which reference 
was made to the successful efforts of 
Mr. Osgood in arranging for the en- 
tertainment and pleasure of those 
present, and particularly to Mr. Os- 
good’s achievements perpetrated the 
same day in the baseball game, pre- 
sented to Mr. Osgood, on behalf of 
the members, a home (dinner) plate 
and a fly swatter, and, on behalf of the 
ladies, a handsome timepiece, consist- 
ing of an alarm clock and a dog chain. 

Mr. Osgood, with his usual good na- 
ture, accepted these evidences of ap- 
preciation and good will in an emi- 
nently appropriate response. 


PRIZE CONTESTS 


The prizes for the various events 
were awarded as follows: 

Golf. Mr. E. W. Allen, Chicago, 
first, (1 up, 19 holes). Мг. John R. 
Hewett, Schenectady, runner-up, (2 
up, 1 to play). Mr. R. L. Kingsland 
won the consolation prize, (4 up, 2 
to play). 

Mr. Allen’s victory entitles him to 
have his name inscribed on the Mer- 
shon Golf Trophy. This cup becomes 
the property of any person winning 
the golf tournament in two different 
years at the Institute convention. It 
has previously been won by Mr. A. 
M. Schoen, of Atlanta, and Mr. J. 
H. Livsey, of Detroit. 

Ladies’ Putting Contest. First prize 
was won by Mrs. C. A. Adams, of 
Cambridge; the second, by Mrs. N. 
A. Carle, of Newark, N. J.; the third, 
by Miss E. E. Maver, of New York. 

Ladies’ Card Party. Auction bridge: 
First, Mrs. William Maver, Jr., New 
York; second, Mrs. Farley Osgood, 
Newark, N. J.; third, Mrs. W. B. 
Kouwenhoven, Baltimore. 

Hearts: First, Mrs. F. W. Peek, Jr., 
Schenectady; second, Miss Helen Lin- 
coln. Pittsburgh. 

Ladies’ Bowling. First, Miss E. E. 
Maver, New York; second, Mrs. J. 
Franklin Stevens, Philadelphia. 

Men's Bowling. J. №. Wclsh, Pitts- 
burgh. 
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Duck Pin Bowling. С. В. Underhill, 
New Haven, Conn. 

Lucky Dancing Contest. Mrs. А. 
W. Berresford, Milwaükee; and Mrs. 
J. H. Tracy, Philadelphia. 

Automobile Trip to the Convention. 
The prize for the longest automobile 
trip to the convention was awarded 
to Mr. Walter A. Hall, of Lynn, Mass., 
who was accompanied on his journey 
by Mrs. Hall. 

Tennis. On account of rain on Fri- 
day, the last day of the convention, 
it was not possible to finish the tennis 
tournament. 


Directors' Meeting, Deer Park, 
Md., July 2, 2915 


The Board of Directors of the In- 
stitute held a meeting at Deer Park, 
Maryland, on July 1, during the An- 
nual Convention. 

There were present: President Paul 
M. Lincoln, Pittsburgh, Pa.; Vice- 
Presidents H. H. Barnes, Jr., New 
York, and Farley Osgood, Newark, 
N. J.; Managers C. A. Adams, Cam- 
bridge, Mass., J. Franklin Stevens, 
Philadelphia, Pa., P. Junkersfeld, Chic- 
ago, Ill., L. T. Robinson, Schenectady, 
N. Y, Frederick Bedell, Ithaca, N. Y., 
A. S. McAllister, New York, and John 
H. Finney, Washington, D. C.; Sec- 
retary F. L. Hutchinson, New York. 

The action of the Finance Com- 
mittee in approving monthly bills 
amounting to $9,034.14 was ratified. 

Chairman Robinson of the Meetings 
and Papers Committee reported that 
the committee had practically com- 
pleted the program for the Panama- 
Pacific Convention, to be held in 
September, and also for the meetings 
to be held in October in New York, 
Philadelphia and St. Louis. 

The report of the Board of Exam- 
inersfof its meeting held on June 17, 
was presented, and the actions taken 
at that meeting were approved. 

Upon the recommendation of the 
Board of Examiners, 53 applicants 
were elected Associates, two applicants 
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were elected Members, three Associates 
were transferred to the grade of Mem- 
ber, and 68 students were ordered en- 
rolled, in accordance with the lists 
published elsewhere in this issue of 
the PROCEEDINGS. 

An invitation to the Institute from 
the Secretary of State to appoint one 
delegate and an alternate to attend 
the Second Pan-American Scientific 
Congress, to be held under the auspices 
of the United States Government at 
Washington, D. C., December 27, 1915, 
to January 8, 1916, was presented and 
accepted, and the President was author- 
ized to make appointments accordingly. 

The Secretary announced the ap- 
pointment by the President of Messrs. 
Farley Osgood, W. K. Vanderpoel and 
R. St. John McClelland, as representa- 
tives of the Institute to attend a con- 
ference at the Bureau of Standards, 
Washington, D. C., on October 27, 
1915, with representatives of various 
organizations, for the purpose of amend- 
ing, discussing and approving the 
National Electrical Safety Code which 
the Bureau has had in preparation 
for over a year. 

A considerable amount of other 
business was transacted by the Board 
at this meeting, reference to which 
will be found under appropriate head- 
ings in this and future issues of the 
PROCEEDINGS. 


Past Section Meetings 


Chicago.— Election of officers for the 
coming year as follows—chairman, 
William J. Norton; secretary, Talia- 
ferro Milton; members of executive 
committee, E. W. Allen, R. H. Rice 
and D. W. Roper. 

Fort Wayne.—June 24, 1915, Fort 
Wayne Electric Works. Illustrated 
address by Mr. E. A. Wagner on “ Small 
Transformers." Election of officers for 
the coming year as follows—chairman, 
J. J. Kline; secretary, J. J. А Snook; 
executive committee, E. A. Wagner, 
P. H. Haselton and O. B. Rinehart. 
Attendance 12, 


194 


Indianapolis-Lafayette.— June 29, 
1915, Indianapolis. Paper: “ Recent 
Developments in the Projection of 
Light," by J. W. Esterline. Election of 
officers for the coming year as follows— 
chairman, J. Lloyd Wayne; vice-chair- 
man, C. F.Harding; secretary-treasurer, 
Walter À. Black; members executive 
committee, Charles A. Tripp and Alan- 
son N. Topping. Attendance 20. 

Los Angeles.— June 3, 1915. Election 
of officers for the coming vear as fol- 
lows—chairman, E. Woodbury; secre- 
tary, R. H. Manahan; assistant secre- 
tary, Carl Johnson;executivecommittee, 
E. F. Scattergood, R. A. Morehead, R. 
E. Cunningham and C. G. Pyle. 

june 15, 1915, Hamburger's Cafe. 
joint banquet with six other engineer- 
ing societies. Short addresses by 
Messrs. Wm. Mulholland, James A. B. 
Sherer and Samuel Storrow.  Attend- 
ance 200. 

Madison.—]une 3, 1915, Madison 
City Library. Papers: (1) “ Some Fea- 
tures of the Keokuk Power Plant," 
by R. C. Disque; (2) “ Ап Analysis of 
the Cost of Transmitting Power over 
the Keokuk-St. Louis Line," by Ed- 
ward Bennett. Election of officers for 
the coming year as follows—chairman, 
M. C. Beebe; member of advisory 
board, J. N. Cadby. Attendance 28. 

Milwaukee.— June 9, 1915, Planking- 
ton House. Address by Mr. L. E. 
Gettle on “ Some Phases of the Rail- 
road Commission Work." Election of 
officers as follows—chairman, R. B. 
Williamson; secretary, H. P. Reed. 
Attendance 85. 

Minnesota.— June 11, 1915, Duluth, 
Minn. Papers: (1) “ The Power De- 
velopment at Thompson, Minn.," by 
.W. N. Ryerson; (2) '" The Iron Ore 
Industry of Minnesota,” by J. H. Heard- 
ing. After the technical program the 
party was taken by boat to visit coal 
and ore docks at Duluth— Superior and 
also inspected the new steel plant. 
Attendance 125. 

Philadelphia.—June 14, 1915. Hotel 
Walton. Annual dinner of Section; 
short addresses by Messrs. H. F. San- 
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ville, George Ross Green, F. L. Hutchin- 
son, Ralph W. Pope, J. H. Tracy, H. A. 
Hornor, D. C. Jackson, A. W. Berres- 
ford, Farley Osgood, Paul Spencer, H. 
Clyde Snook, Clayton W. Pike and 
Dr. Crampton. Election of officers 
for the ensuing year as follows—chair- 
man, J. H. Tracy; managers, H. P. 
Liversidge, Harold Pender and M. G. 
Kennedy; secretary-treasurer, W. F. 
James; assistant secretary, Charles Pen- 
rose. Attendance 124. 

Pittsburgh.—]une 15, 1915, Oliver 
Building. Illustrated | addresses on 
'" The Panama-Pacific Exposition," by 
A. A. Hamerschlag and A. W. Tarbell. 
Election of officers for the coming year 
as follows—chairman, Т. H. Schoepf; 
secretary-treasurer, G. C. Hecker; ex- 
ecutive committee, W. Dudley, J. W. 
Welsh, C. R. Riker, A. G. Pierce, L. H. 
Harris, W. T. Snyder and Bernard 
Lester. Attendance 70. 

Spokane.— May 21, 1915, Silver Grill. 
Election of officers for the ensuing 
year as follows—chairman, V. H. 
Greisser; vice-chairman, D. F. Hender- 
son; secretary, C. A. Lund; executive 
committee, J. W. Hungate, J. B. Fisken, 
H. B. Peirce and L. N. Rice. Attend- 
ance 33. 

Vancouver.—April 30, 1915, Metro- 
politan Building. Paper: '' Some Indus- 
trial Power Applications from a Central 
Station Viewpoint," by E. Holder. 
Attendance 15. 

May 28, 1915, Metropolitan Build- 
ing. Election of officers for the coming 
year as follows—chairman, R. F. Hay- 
ward; secretary, K. A. Auty. Paper: 
'" Electricity as Applied to Metallurgy 
and Mining Generally, and Its Eco- 
nomic Advantages," by E. A. Haggan. 
Attendance 13. 


Past Branch Meetings 


University of Missouri.—April 26, 
1915, Engineering Building. Lecture 
by Mr. C. C. Boswell on '' Panama 
Canal Control," illustrated by moving 
pictures. Attendance 25. 

May 11, 1915, Engineering Building. 
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Paper: “ Steel Mill Electrification,” by 
B. O. Wiley, illustrated by lantern 
slides. Attendance 35. 

May 24, 1915, Engineering Building. 
Election of officers for the coming year 
as follows—chairman, Kerr Atkinson; 
secretary, E. W. Kellogg; vice-chair- 
man, D. S. Foster; treasurer, C. C. 
Boswell; assistant secretary, S. H. 
Anderson; corresponding secretary, C. 
P. Meyer. Attendance 13. 


Personal 


Mr. L. JORGENSEN, who for the past 
eight years has been associated with the 
engineering firm of F. G. Baum and 
Company, of San Francisco, has re- 
signed from that company and will 
hereafter engage in general electric and 
hydraulic engineering practise, special- 
izing in the design of arch dams. Mr. 
Jorgensen will have an office at 1405 
Chronicle Building, San Francisco, Cal. 


Мк. Ерміх G. HATCH, consulting 
engineer, New York, will handle the 
tests and inspection of a 9000-kv-a. 
transformer for the Victoria Falls and 
Transvaal Power Company of London, 
now in course of construction at the 
Westinghouse works, East Pittsburgh, 
Pa. Five similar transformers were 
shipped to the company's plant in 
South Africa in 1912. 


MR. GEORGE A. BALLING has resigned 
from the service of the Panama Canal 
Commission, and is enjoying a vaca- 
поп at his home in Chicago. Mr. 
Balling was in charge of the installa- 
tion of electrical equipment at Gatun 
and was responsible for the develop- 
ment of a great many labor and time 
saving devices which permitted this 
work to be completed in the short time 
allotted. Previous to his етріоу- 
ment with the Canal Commission, Mr. 
Balling was in charge of construction 
work for the Commonwealth Edison 
Company in Chicago and the General 
Electric Company in Mexico. 
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Mr. JOSEPH SHEPHERD has termi- 
nated his engagement as electrical en- 
gineer for the London County Council 
Tramways, to continue, under the 
name of Shepherd and Watney, the 
practise of consulting. engineer carried 
on during the past twenty-four years 
by Mr. T. S. Watney at 32 Greek 
Street Chambers, Park Row, Leeds, 
and also at 47 Queen Anne's Chambers, 
Westminster, England. Mr. Shepherd 
for fifteen years held responsible posi- 
tions with leading manufacturing com- 
panies, turning out practically every 
type of electrical and other plant, and 
for the past thirteen years has been 


with the London County Council 
Tramways Department—for eight 
years ав chief assistant electrical en- 


gineer, and since 1910 inentire charge 
of the electrical work of the undertak- 
ing, with an annual output of 150 
million kw-hr., larger than that of any 
other municipal undertaking іп the 
world. Mr. Shepherd expects to make 
the inspection of plant a feature of his 
future work. Mr. Watney will con- 
tinue his interest in the practise in an 
advisory capacity. 


Recommended for Transfer, 
August 4, 1915 


The Board of Examiners, at its 
regular monthly meeting on August 4, 
1915, recommended the following mem- 
bers of the Institute for transfer to 
the grade of membership indicated. 
Anv objection to these transfers should 
be filed at once with the Secretary. 


To GRADE OF MEMBER 


BIESECKER, ARTHUR 5., Electrical Engi- 
neer, Scranton Electric Construction 
Co., Scranton, Pa. 

Boyce, FRANK G., Chief Operator and 
Supt. Power Plant Maintenance, 
Milwaukee Electric Railway & 
Light Co., Milwaukee, Wis. 

ENFIELD, WILLIAM L., Manager 
Special Engineering Dept., National 
Lamp Works of General Electric Co., 
Nela Park, Cleveland, O. 
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Hitt, Guy, Expert Radio Aid, Ma- 
chinery Division, Navy Yard, Brook- 
lyn, N. Y. 

KLAUBER, LAURENCE M., Supt. of 
Electric Dept., San Diego Consoli- 
dated Gas & Electric Co., San Diego, 
Cal. 

LucKIEsH, M., Physicist, Nela Research 
Laboratory, National Lamp Works of 
General Electric Co., Nela Park, 
Cleveland, O. 

Lynn, Scott, Manager Rochester 
District Office, Sangamo Electric Co. 
of Springfield, Ill., Rochester, N. Y. 

RANKIN, Екер J., Electrical Engineer, 
Public Utilities Commission of Colo- 
rado, Denver, Colo. 


Transferred to the Grade of 
Member July 1, 1915 


The following Associates were trans- 
ferred to the grade of Member of the 
Institute at the meeting of the Board of 
Directors on July 1, 1915. 

HAZELTON, Носн, Electrical Engineer, 
New York, N. Y. 

NiCHOLS, HAROLD E., Engineer, Re- 
search Branch, Western Electric Co., 
New York, N. Y. - 

RuEL, Amar J. Electrical Engineer, 
Northern Idaho & Montana Power 
Co., Sandpoint, Idaho. 


Members Elected July 1, 1915 

HARROLD, ALFRED EMIL, Special En- 
ріпсет, Willard Storage Battery Co., 
Cleveland, Ohio. 

HikgRscH, Gustav, Consulting Engineer, 
274 S. Third St.; res., 956 Jaeger St., 
Columbus, Ohio. 


Associates Elected July 1, 
1915 


ADAIR, WILLIAM R., Master Mechanic, 
Pittsburgh and Butler Ry. Co., Mars, 
Pa. 

ATKINSON, GEORGE W., Electrical En- 
gineer, Supervising Architect's Office, 
Treasury Dept.; res., 1503 Que St. 
N. W., Washington, D. C. 
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BANZHOF, CHARLES P., Staff Engineer 
and Superintendent, Fidelity Elec- 
tric Со.; res, 508 N. Plum St., 
Lancaster Pa. 

BEALL, FRANK H., Assistant in Elec- 
trical Engineering, Graduate School 
of Applied Science, Harvard Univ- 
ersity, Cambridge, Mass. 

BENJAMIN, Louis S., Engineer іп 
charge, Mechanical and Electrical 
Dept., Atlantic Sugar Refineries, Ltd., 
St. John, N. B. 

BENNEY, GEORGE ANDREW, President, 
Benolite Co., 331 Fourth Ave., 
Pittsburgh, Pa. 

BENSON, CHENERY F., Station Electri- 
cian, Electrical Dept., Swift & Co.; 
res., 4646 Indiana Ave., Chicago, Ill. 

BRADLEY, Harry L., Manager and 
Secretary, Allen-Bradley Co., 495 
Clinton St., Milwaukee, Wis. 

BROPHY, JOHN J., Electrician, Turner 
Tanning Machinery Co., Peabody; 
res., Salem, Mass. 

CAIGAN, ISRAEL, Engineer, R. D. Kim- 
ball Co., Boston; res., 24 Canterbury 
St., Dorchester, Mass. 

CLARK, Екер H., Division Plant Super- 
visor, Mountain States Tel. & Tel. 
Co., Salt Lake City, Utah. 

CoLE, KENNETH E. N., Salesman, 
General Electric Co., St. Louis, Mo.; 
res., 612 Beach St., Little Rock, Ark. 

DaILEY, JOHN B., Experimental Labora- 
tory, Ford Motor Co.; res., 111 
Leicester Court, Detroit, Mich. 

Davis, JOHN Morton, Purchasing 
Agent, General Electric Co., West 
Lynn; res., 104 Federal St., Salem, 
Mass. 

DE ANGELIS, MARIO LEwis, Engineer, 
Cie. F’se. Thomson- Houston; res., 119 
Avenue Mozart, Paris, France. 

DukE, HENRY TRISDOM, JR., Assistant 
Engineer, Ballinger and Perrot; res., 
5536 Elliott St., Philadelphia, Ра. : 

EDWARDS v SUTIL, RAFAEL, Civil and 
Electrical Engineer, Calle Apertinas 
NO. 1170, Santiago, Chile, S. A. 

FERGUSON, GEORGE F., Superintendent, 
Addington Sub-station, Lake Cole- 
ridge Hydro-Electric Scheme, Christ- 
church, New Zealand. 
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GuRDES, Евер А. Chief Electrical 
Operator, Electrical Dept., Commis- 
sioners of Lincoln Park, Chicago, Ill. 

HACKER, Gustav, ПІ Kegelgasse 43, 
Vienna, Austria. 

HEWITT, ARTHUR CHALLIS, Electrical 
and Mechanical Engineer, Security 
Cement & Lime Co., Hagerstown, 
Md. 

HONEGGER, ARNOLD, Representative, 
Wseobschtschaja Kompania Elektri- 
tschestwa, Petrograd, Russia, c/o 
General Electric Co., Schenectady, 
N. Y. 


HoRNBAcCK, Е. S., Engineer, Calgary 
Petroleum Products Co., Black Dia- 
mond, Alberta, Canada. 


Horton, Roy S. Manager, Oakland 
Office, Dalton, -Adding Machine Co., 
Oakland; res., 2634 Bancroft Way, 
Berkeley, Cal. 


. *INAGAKY, TADA-YOsHI, Draftsman, 
Columbus Railway, Power & Light 
Co.; res., 1066 Neil Ave., Columbus, 
Ohio. 


*IRVIN, RALPH, Treasurer and Manager, 
Salmon River Power & Light Co., 
Salmon, Idaho. 


IRVINE, THOMAS FRANCIS, Plant In- 
spector, Central District Tel. Co., 
1120 Schmulbach Bldg., Wheeling, 
W. Va. 


Irwin, Howarp W., 
Engineer, Motive Power & Machin- 
ery Dept., Bay State Street Ry. Co., 
84 State St., Boston, Mass. 


JACoBI, Epwarp NicHOLAS, Electrical 
Designer and Assistant Engineer, 
Briggs & Stratton Co.; res., 712 5th 
St., Milwaukee, Wis. 

KIMBALL, CHARLES B., Engineering 
Dept., General Electric Co., Boston; 
гез., 134 Prospect Ave., Wollaston, 
Mass. 

KNost, CHARLES P., Chief Electrician, 
Care Ernestine Mining Co., Mogollon, 
Socorro Co., New Mexico. 

*KROTZER, F. W., Instructor of Elec- 
tricity, Central Continuation School: 
res., Y. M. C. A., 4th St., Milwaukee, 
Wis. 
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LAMOTTE, WILLIAM R., Engineering 
Dept., Public Service Electric Co., 
Newark; res., 236 7th St., Jersey 
City, N. J. 

LiLJENROTH, FRANS GEORG, Chief En- 
gineer, Allmanna Svenska Electric 
Co., Vesteras, Sweden. 

Linpsay, Henry D., Engineer, Allen- 
Bradley Co.; res., 258 Farwell Ave., 
Milwaukee, Wis. 

LINDSTROM, М. Совтау G., Chief En- 
gineer, Electric Products Co.; res., 
516 E. 108th St., Cleveland, Ohio. 

LYTLE, LLovp B., Electrician, Consoli- 
dated Mining & Smelting Co., Ross- 
land, B. C. ; 

*MACBURNEY, J. LoGAN, Engineering 
Dept., Electric Storage Battery Co.: 
res., 2625 N. 33rd St., Philadelphia, 
Pa. 


MAINLAND, JAMES, Chief Electrician, 


U. S. Coal & Oil Co., Holden, W. Va. 

*MALMBORG, CARL А., Superintendent, 
Lehigh Municipal Water & Light 
Plant, Lehigh, Iowa. 

Moore, Davip H., Asst. Engineer, 
Transformer Testing Dept., General 
Electric Co.; res., 54 Stratford Ave., 
Pittsfield, Mass. А 

OWENS, EDWARD T., Signal Foreman, 
The Panama Canal, Balboa Heights, 
Canal Zone. 

PEAKE, KENNETH C., Engineering Dept., 
Public Service Electric Co.; res., 288 
Johnson Ave., Newark, N. J. 

*PHILBRICK, JOHN S., Shift Engineer, 
Marconi Trans-Pacific Wireless Tele- 
graph Station, Bolinas, Cal. 

Ross, RoBERT HALLIDAY, Chief Elec- 
trical Engineer, Mt. Bischoff Tin 
Mining Co., Waratah, Tasmania. 

SARGENT, Percy G., District Plant 
Chief, American Tel. & Tel. Co., 518 
No. Beaumont St., St. Louis, Mo. 

SCHLUTER, WILHELM H. F., Inspection 
Duty, Ordnance Dept., U. S. Navy; 
res., 3715 Avenue I, Brooklyn, N. Y. 

SEMMES, LARALETTE D., Morgan & 
West Box Co., Madison, Ark. 

VICKERS, CHAUNCEY H., Draftsman, 


Commissioners of Lincoln Park; res., 
‚ 4752 Prairie Ave., Chicago, Ш. 
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WALDRON, GILBERT T., Electrical Соп- 
tractor, 1033 Park St., Peekskill, N.Y. 
WHITE, CHARLES D., Boston Repre- 
sentative, Metropolitan Electric Mfg. 
. Co., 146 Summers St., Boston, Mass. 

WHITING, HAROLD R., Superintendent, 
Cavite Water Power, Porto Rico 
Irrigation Service, Guayama, Porto 
Rico. 

WRENCH, RoBERT A., Electrical Fore- 
man, Braden Copper Co., Rancagua, 
Chile, S. A. 

Total 53. 
*Former enrolled students. 


Applications for Election 


Applications have been received by 
the Secretary from the following candi- 
dates for election to membership in the 
Institute. Unless otherwise indicated 
the applicant has applied for admission 
as an Associate. If the applicant has 
applied for direct admission toa higher 
grade than Associate, the grade follows 
immediately after the name. Any 
member objecting to the election of any 
of these candidates should so inform 
the Secretary before August 31, 1915. 


Almquist, F. G. (Member), New York. 

Balfe, R. M., Vancouver, B. C. 

Beal, R. R., Palo Alto, Cal. 

Belt, T. A. E., Schenectady, N. Y. 

Bennett, C. E. (Member), Waterbury, 
Conn. 

Bowles, J. D., Jefferson City, Mo. 

Branson, E. H., Pittsfield, Mass. 

Brooks, M. J., Heyden, Ariz. 

Burton, H. R., Thorold, Ont. 

Bush, V., East Elmhurst. L. I. 

СаПапа, O. G., Barberton, Ohio. 

Cook, C., Lindale, Ga. 

Craigue, N. A., City Point, Va. 

Danley, R. J. M. (Fellow), Brooklyn, 
N. Y. 

Darling, A. G., Duluth, Minn. 

Duer, J. Van B.. Altoona, Pa. 

Erb, W., Jr.. Philadelphia, Pa. 

Ferrari, C., Naples, Italy. 

Flach, O. C., Wilkinsburg, Pa. 

Furnas, W. C., West А1115, Wis. 

Gallaher, S. M., Charleston, W. Va. 


Goetz, J. A., Oakland, Cal. 

Grimes, W. F., Jr., Balboa Heights, С.Ж. 
Hall, H. S., Brooklyn, N. Y. 

Harding, E. R., Chicago, Ill. 

Hart, A. L., Milwaukee, Wis. 
Hastings, A. A., Napier, N. Z. 
Hausamann, G. J., West Hoboken. N. J. 
Helliesen, H. L., Kristiana, Norway. 
Hetherington, W., Jr., New York, N. Y. 
Hooper, A. G., Schenectady, N. Y. 
Hunter, T. M., Newark, N. J. 
Jackson, D. A., Newcastle, B. C., Can. 
Jansson, G. E., Schenectady, N. Y. 
Jones, R. E., Toronto, Ontario. 
Kazaoka, K., Schenectady, N. Y. 
Kierstead, F. H., Pittsfield, Mass. 
Kubanyi, V. J., New York, N. Y. 
Lamar, R. W., Sault Ste. Marie, Ont. 
Lewis, J. V., Schenectady, N. Y. 
Lorch, A., Brooklyn, N. Y. 

McCarthy, W. M., New York, N. Y. 


McCormick, I. E.. McCormick, Wash. 


Mellen, P., Chicago, Ill. 

Montcalm, S. R., Charleston, S. C. 

Nakamigawa, T., Schenectady, N. Y. 

Parkinson, R. W., Maracaibo, Venezuela. 

Pilkington, E. J., Waterbury, Conn. 

Ramsay, J. A., El Paso, Texas. 

Robison, C. D. (Member), New York, 
М. У. 

Roosevelt, С. H., Dawson City, Y. T. 

Ruttiman, A., Menominee, Mich. 

Scarburgh, R. 5., New York, N. Y. 

Segel, H., Pittsfield, Mass. 

Shute, L. H., Denver, Colo. 

Simmons, A. L., Fresno, Cal. 

Smith, J. A., Addington, Christchurch, 
N. Z, 

Stockwell, R. K., Rancagua, Chile, S. A. 

Sugden, J., Schenectady, N. Y. 

Swingle, C. W., Halfway, Ore. 

Thomsen, C. A., St. Timothce, Quebec. 

Tompkins, H. K.V., Greeneville, Tenn. 

Troxell, H. LaR., Pine Grove, Penn. 

Turner, E. P. (Member), Christchurch, 
N. Z. 

Warwick, J. F., Atlanta, Ga. 


Wedderspoon, W.C., Christchurch, N.Z. 


Whitaker, G., London, E. C., Eng. 

Williams, A. F., Barcelona, Spain. 

Wilson, A. B., Plainfield, N. J. 

Woolhiser, H. L., Boston, Mass. 
Total 70, 
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Students Enrolled July 1, 


7373 
7374 
7375 
7376 
7377 
7378 
7379 
7380 
7381 
7382 
7383 
7384 
7385 
7386 
7387 
7388 
7389 
7390 
7391 
7392 
7393 
7394 
7395 
7396 
7397 
7398 
7399 
7400 
7401 


7402 
1403 


7404 


1405 


7406 
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Flynn, F. K., Stanford Univ. 
Navy, E. R., Worcester Poly. Inst. 
Bergman, D. J., Univ. of Calif. 
Dana, A. S., Mass. Institute Tech. 
Connors, H. E., De Paul Univ. 
Deiss, W. C., Univ. of Illinois. 
Oakes, C. E., Ore. Agri. College. 
Allen, G. Y., Stevens Inst. Tech. 
Wood, E. E., Yale University. 
Middleton, E. W., Purdue Univ. 
Haberkorn, T. E., Purdue Univ. 
Booth, G. E.. Univ. of Wisconsin. 
Elsasser, H. W., Columbia Univ. 
Wickersham, R. C., Lehigh Univ. 
Sweeny, P. J., Univ. of Illinois. 
Brunner, H. H., Colorado College. 
Hardin, R. S., Univ. of Wis. 
Searson,R.G., CarnegieInst. Tech. 
Rehman, N. J., Bucknell Univ. 
Davis, M. A., Stevens Institute. 
Luck, J. M., Univ. of Virginia. 
Hermann, R. L., Univ. of Illinois. 
Thatcher, G. R., Univ. of N. D. 
Wakefield, H., Univ. of N. D. 
Grady, J. M., Villanova College. 
Hoffman, H. C.. Drexel Institute. 
Autrobus, E. R., Drexel Inst. 
Young, L. R., Drexel Institute. 
Alexander, С. Е.,. Worcester Poly- 
technic Institute. 

Aiken, F., Worcester Poly. Inst. 
onyder, W., Jr., Rensselaer Poly- 
technic Institute. 
Hinchliffe, Т. W., 
Polytechnic Institute. 
Woodworth, E. L., Rensselaer 
Polvtechnic Institute. 

Shaffer, S., Armour Inst. Tech. 


Rensselaer 


7407 


.7408 


7409 
7410 
7411 
7412 
7413 
7414 
7415 


7416 
7417 
7418 
7419 
7420 


7421 
7422 
7423 
7424 


7425 
7426 


7427 
7428 
7429 
7430 
7431 
7432 


7433 
7434 
7435 
7436 
7437 
7438 
7439 


| 7440 


199 


Berwald, C. H., Univ. of Illinois. 
James, E. A., Univ. of Illinois. 
Eaton, F. W., Worcester Poly. Inst. 
Schroeder, C. W., Univ. of Minn. 
O’Leary, J. A., Villanova College. 
Pride, A. W., Worcester Poly. Inst 
Grasle, W. R., Ore. Agri. College. 
Carmichael, E. T., Lehigh Univ. 
Crittenden, R. E., Worcester 
Polytechnic Institute. 

Ries, C., Ohio Northern Univ. 
Strauch, W., Villanova College. 
Gilchrist, L. F., Villanova, College 
Windsor, C. C., Columbia Univ. 
Barrows, A. S., Worcester Poly- 
technic Institute. 

Conard, F. U., Stevens Inst. Tech. 
Shanck, R. B., Ohio State Univ. 
Cowle, H. H., Ohio State Univ. 
Sherrerd, G., ]г., Case School of 
Applied Science. 

McGilvary, L. P., Univ. of Wis. 
Zimmerman, C. D., Rensselaer 
Polytechnic Institute. 

Lehnhoff, R. G., Univ. of Cin. 
Baker, E., Univ. of Texas. 
Page, E. W., Rensselaer Poly. Inst. 


Eleazarian, А. M., Univ. of Ш. 
Ray, B. C., Univ. of Illinois. 
Rifenburg, R. C., Rensselaer 


Polytechnic Institute. 

Felton, S. M., Harvard University 
Sawyer, L. G.. Univ. of Maine. 
Hurst, H. A., Ohio Northern Univ. 
Warner, E. E., Univ. of Illinois. 
Keller, C. C.. Ошо State Univ. 
Murphy, J. C., Jr., Villanova Coll. 
Wilder, P. W., Univ. of Wisconsin. 
Martin, DeL. K., Poly. Coll. Engg. 


Total 68 
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EMPLOYMENT DEPARTMENT 


NOTE: Under this heading brief announcements (not more than 50 words іп 
length) of vacancies, and men available, will be published without charge to mem- 


bers. 


Copy should be prepared by the member concerned and should reach the 


Secretary's office prior to the 20th of the month. Announcements will not be re- 
peated except upon request received after an interval of three months; during this 


period names and records will remain in the office reference files. 


All replies should 


be addressed to the number indicated in each case, andm ailed to Institute head- 


quarters. 


The cooperation of the membership by notifying the Secretary of available 


positions, is particularly requested. 


Vacancies 

V-71. Position open for an American- 
born electrical engineer, university 
graduate, one having had considerable 
experience designing modern interpole 
direct-current motors and generators. 
Send reference that will stand thorough 
investigation. All replies considered 
confidential. 


The United States Civil Service 
Commission announces open competi- 
tive examinations for junior engineer 
(civil) and junior engineer (mechanical 
or electrical) on August 25 and 26, 1915, 
at numerous places in the United States. 

The Manual of Examinations for the 
Fall of 1915 provides that applicants 
for these examinations must have had at 
least five years good experience in civil 
(or mechanical or electrical) engineer- 
ing work, and that graduation in civil 
(or mechanical or electrical) engineer- 
ing from any technical school of 
recognized standing will be considered 
equivalent to three and one-half years 
of this period. Attention is invited to 
the fact that the requirements have now 
been reduced to four years good civil 
(or mechanical or electrical) engineer- 
ing experience, or graduation in civil 
(or mechanical or electrical) engineer- 
ing from an approved technical school. 
Both married and unmarried men will 
be admitted to these examinations. 

From the register of eligibles result- 
ing from these examinations selections 
may be made to fill vacancies arising 
in the grade of junior engineer in the 
Engineer Department at Large. The 
examinations are, however, held pri- 
marily to enable applicants to qualify 
for the examination to be held by the 
War Department on or about October 
25, 1915, for commissions as second 
lieutenants in the Corps of Engineers, 
United States Army. Of those who 
attain eligibility in one of these examin- 
ations only those who meet the follow- 
ing conditions will be permitted to take 
the examination given by the War 


Department: They must be (a) un- 
married, (b) between 21 and 29 years of 
age, and (c) graduates in an engineering 
course from an approved technical: 
school. 

Persons who meet the requirements 
and desire these examinations should at 
once apply for the circular announcing 
this examination (Form No. 638, is- 
sued July 22, 1915) and Form No. 1312, 
stating the title of the examination for 
which the form is desired, to the United 
States Civil Service Commission, Wash- 
ington, D. C. Application forms may 
also be obtained from the Secretary of 
the U. S. Civil Service Board at any of 
the places where the examination will 
be held, and if it appears to an applicant 
desiring this examination that it will 
not be possible to obtain the necessary 
forms from the Commission at Wash- 
ington.in time, it is suggested that 
inquiry be made at the nearest post 
office or custom house. 


Men Available 

316. Civil Engineer. Age 29. Six 
years’ experience in location, design 
and construction of underground con- 
duits, four to forty ducts, reinforced 
concrete and waterproof construction. 
Entire charge of this work at present 
for large street railway system. Avail- 
able at short notice. 


317. Technical Graduate, (1909), mar- 
ried. Five years' experience as fore- 
man, inspector, draftsman and chief 
inspector on railroad electrification 
work. Can handle men, make esti- 
mates and draw up designs. Profi- 
cient on catenary work. Location 
immaterial. 


318. Electrical Engineer. Age 31. 
Twelve years’ experience; five years in 
charge of hydroelectric installations 
totaling over 120,000 kw.; two years in 
charge of construction and maintenance 
for one of the largest U.S. copper mining 
companies. At present employed; de- 
sires change, Mexico or South America 
preferred. 
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319. Sales Engineer. Mechanical 
and electrical engineer, technical grad- 
uate, with long practical experience in 
design, construction and operation of 
central stations and railway systems, 
and selling of large apparatus, would 
like to become connected with Chicago 
office of manufacturing company, in 
sales or production departments. 


320. Manager or Superintendent. 
Mem. A. I. E. E., age 44. Twenty 
years’ experience as chief engineer and 
superintendent of large central stations; 
has successful record. Open for im- 
mediate engagement in above line of 
work or other special work requiring 
experience and executive ability to 
obtain results. 


321. Electrical Engineer. Age 30. 
Desires position as superintendent for 
electric light and power company in 
small town, or with consulting engineer. 
Experienced in power and substation 
design and construction, also in trans- 
mission and distribution systems. At 
present engaged with electric light 
company. 


322. Mr. Manager: Ап Associate 
of the Institute wants a job. In the 
contracting business for himself seven 
years; past two years building substa- 
tions, improving regulation of hydro- 
electric plants. Proficient at emergency 
work and would be very valuable where 
construction is to be done in out-of-the- 
way places. Write him and tell him 
what you want done. 


323. Electrical Engineer. Techni- 
cal graduate; age 25; married. De- 
sires position with progressive interur- 
ban electric railway, or with steam rail- 
road intending to electrify in the near 
future. One year’s experience in shop 
and test department and three years’ 
experience in engineering department of 
large electrical manufacturing company. 


324. Graduate Electrical Enzineer. 
Age 33, married. Engineering ар- 
prentice and erecting engineer; esti- 
mating, designing, purchasing and erec- 
tion of steam and hydroelectric stations, 
substations, and transmission lines up 
to 120,000 volts. Some work on valua- 
tion. Available about October 1. 


325. Electrical Engineer, with ex- 
tensive experience in power plant and 
motor application work, desires position 
as superintendent of power plant, dis- 


trict superintendent or commercial 
engineer. Familiar with the latest 
practise and up-to-date apparatus. 


Would prefer location in a small or 
medium size city. 
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320. Electrical Engineer of industrial 
organization with 14,000-kw. plant 
wishes to return to Spanish- speaking . 
country. Prefers position in charge of 
construction with a view to remaining 
as superintendent of power. Experience 
embraces: 110,000-volt and low-tension 
transmission, distribution and stations, 
telephones, magneto; ice plants, com- 
pression, large welding aid electrolytic 
installations. An excellent handler of 
men; speaks Spanish fluently. 


327. Electrical Engineer, Cornell 
graduate, desires position with consult- 
ing engineer or contractor on layout or 
installation of equipment in factories 
and office buildings. New York City 
or vicinity preferred. Three and a half 
years’ experience, including testing, 
design, installation and operation of 
switchboards, wiring ап і machinery. 


328. Electrical-Mechanical Engineer 
(Degree B.E. 1907). Eight years’ ex- 
perience, covering 2% years G. E. Co. 
testing and engineering. Later ex- 
perience includes steam turbine and 
hydroelectric plants of large capacity; 
distribution and transmission systems 
up to 110,000 volts. Past duties 
include designing, superintending con- 
struction, operation, reports on prop- 
erties and sales engineering. 


329. Assistąnt Electrical Engineer, 
technical graduate, five years’experience 
in the supervision of electrical work. 
Desires position in New York City. 
Moderate salary. 


330. Technical Graduate (E.E.), 
single, total abstainer from alcohol, 
tobacco and drugs, with 4$ years’ ex- 
perience in mechanical and electrical 
drafting and care of apparatus, and 
several years business experience out- 
side of engineering lines, desires position 
in electrical engineering work. Avail- 
able at once. Salary to start secondary. 


331. Vacuum tube specialist, several 
years’ experience each in general elec- 
trical investigations and in engineering 
connected with vacuum tube manu- 
facture. 


332. Electrical and Mechanical En- 
gineer, with exceptional technical and 
commercial experience in designing, 
constructing, operating and contracting 
work on public utilities, electrifications 
and modern steam power plants; fa- 
miliar with domestic and foreign practise 
and apparatus. Desires responsible 
position with reliable concern. En- 
gaged as power expert and purchasing 
agent past few years. Speaks several 
languages. 
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Library Accessions 


The following accessions have been made to 
the Library of the Institute, since the last 
acknowledgment. 

American Electric Railway Association. Pro- 
ceedings, 1914. Transportation and Trafic 
Association. New York. 1914. (Exchange.) 

Calcul des Lignes Aériennes au point de vue 
Mécanique par des Abaques. By André 
Blondel. Paris, n.d. (Gift of La Lumiére 
Electrique.) 

Chicago Traction Board of Supervising Engineers. 
Annual Report 6th, 1913. Chicago, 1915. 
(Gift of Bion J. Arnold.) 

International Catalogue of Scientific Literature. 
13th Annual Issue. A—Mathematics. Lon- 
don, 1915. (Gift of E. D. Adams.) 

lowa Engineering Society. Proceedings of the 
Annual Meeting 27th, 1915. Iowa City, 
1915. (Gift of Iowa Engineering Society.) 

Massachusetts Board of Gas and Electric Light 
Commissioners. Annual Report, 30th, 
1914. Boston, 1915. (Gift of Board of 
Gas and Electric Light Commissioners.) 

New York State. Public Service Commission, 
Second District. Annual Report 7th, vols. 
1-3. Albany, 1914. (Gift of Public Service 
Commission.) 


TRADE CATALOGUES 


Chicago Pneumatic Tool Co. Chicago-New York. 
Bulletin 34-х. Class A-G. “ Giant” Gas 
and gasoline engines. May 1915. 

——C-E-36. Duntley Electric Grinders. May 25, 

1915. 

Ideal Power. June, 1915. 

Delta-Star Electric Co. Chicago, Ш. Descrip- 

tive Leaflet No. 720, 730. Steel tower.— 

Outdoor Sub-stations. 

No. 740. Wooden Pole. Outdoor sub-sta- 

tions. 

No. 900. “ Unit Type” Bus Bar Supports. 

Electric Storage Battery Co. Philadelphia, Pa. 


Manual of "''Exide'" batteries іп auto- 
mobile starting and lighting service. June, 
1915. 


A sure start assured. An informal talk on 
the automobile starting and lighting battery. 
1915. 

Goldschmidt Thermit Co. New York. N. Y. 
Reactions V. 8, No. 2. 1915. 

Hyatt Roller Bearing Co. Chicago, Ill. Blue 
Print—Bearings to Mine Car Wheel Hub. 

Keystone Electrical Instrument Co. Philadelphia 
Pa. Catalogue 15. Keystone Electrical In- 
struments. 

Ohio Brass Co. Mansfield, Ohio. O-B. Bulletin. 
Vol. 10, No. 3. May-June, 1915. 

Oswego Machine Works. Oswego, N. Y. Cir- 
culars describing Oswego Cutting Machines. 

Philadelphia Electric Co. Philadelphia, Pa. 

Bulletin. June, 1915. 


Pyrene Manufacturing Co. New York, N. Y. 
Pyrene. June, 1915. 
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UNITED ENGINEERING SOCIETY 


American Civil Engineers’ Pocket Book. Ed. 2, 
enl. By Mansfield Merriman. New York, 
1913. (Purchase.) 

American Library Annual, 1914-15. New York, 
1915. (Purchase.) 

Boilers, Economizers and Superheaters, their 
heating power and efficiency. By R. H. 
Smith. London, 1915. (Purchase.) 

Butte and Superior Copper Company, Ltd. 
Annual Report. 181-31, New York, 1912-14. 

——5th Quarterly Report. March 31, 1915. 
(Gift of Butte & Superior Copper Company.) 

Chemical Engineering Notes on Grinding, Shift- 

. ing, Separating and Transporting Solids. 
By J. W. Hinchiey. London, 1914. (Pur- 
chase.) 

Chemical Manufacturers’ Directory of England, 
Wales and Scotland, 1915. London, 1915. 
(Purchase.) 

City Managers’ Association. Proceedings of 
First Annual Convention, 1914. n. p. n. d. 
(Gift of Association.) 

Construction of Selenium Cells. By Samuel 
Wein. Reprinted from Scientific American, 
May 1, 1915. (Gift of author.) 

Cylinder Oil and Cylinder Lubrication. By H. 
M. Wells and W. S. Taggart. Manchester, 
1903. (Purchase.) 

Eis und  Kálteerzeugungs-Maschinen. Ed. 4. 
Ву С. Behrend. Halle а.5., 1900. (Purchase.) 

Die elektrische Leitfahigkeit der Metallegier- 
ungen im  flüssigen Zustande. By Paul 
Müller. Halle, a.S., 1911. (Purchase.) 

Elektrische Wechselstrome. Ed. 4. By С. Карр. 
Leipzig, 1911. (Purchase.) 

Emaille-wissenschaft. By Philipp Eyer. Dres- 
den, 1913. (Purchase.) 

Enzyklopädie der technischen Chemie. Vol. 2. 
By Fritz Ullmann. Berlin, 1915. (Purchase.) 

Epistle of Petrus Peregrinus on the Magnet. 
Reproduced from a Ms. written by an 
English hand about A.D. 1390. London, 
1900. (Purchase.) 

Experiences in Efficiency. By B. A. Frankiin. 
New York, 1915. (Purchase.) 

Exposé Synthétique des Principes Fondamen- 
taux de la Nomographie. By Maurice D' 
Ocagne. Paris, 1903. (Purchase.) 

Ferromangan als Desoxydationsmittel im 
festen und flüssigen Zustand und das Еег- 
romanganschmelzen. By W. Rodenhauser. 
Leipzig, 1915. (Purchase.) 

The Ford Car (Model T.), its construction, 
operation and repair. By Victor W. Pagé. 
New York, 1915. (Purchase.) 

Formeln und Tabellen für den Eisenbau. By 
Freidrich Bleich Wien, 1915. (Purchase.) 


Full Fashioned Knitting Machines. Reading, 
Penn., n.d. (Gift of Textile Machine Works.) 


General Electric Company. Bulletins nos. 4648; 
4650-52; 4654; 4656-59; 4671; 4633; 4686; 
4693; 4710; 4712; 4731; 4742; 4753; 4803; 
4814; 4833-34; 4852-53; 4854. (Gift of 
Arthur H. Grant.) 


1915] 


Gripenberg Selenium Cell. By Samuel Wein. 
(Reprinted from Electrical Expenditures, 
June, 1915.) n.p. n.d. (Gift of author.) 

Grundriss der Turbinen Theorie. Ed. 2. By 
E. A. Brauer. Leipzig, 1909. (Purchase.) 

Gyroscopic Theory, Report on. (Advisory Com- 
mittee for Aeronautics.) By G. Greenhill. 
London, 1914. (Purchase.) 

Die Harte der Festen Kórper und ihre Physi- 
kalisch-chemische Bedeutung. By Viktor 
РбзсЫ. Dresden, 1909. (Purchase.) 

Die Herstellung der Sprengstoffe. II. Teil; 
Nitroglyzerin, Dynamit, Sicherheits- 
sprengstoffe, и.а. By A. Voigt. Halle a.S., 
1914. (Purchase.) 

Jane's Fighting Ships. Ей. 4, 
1914. (Purchase.) 

Jute and Linen Weaving. By Thomas Wood- 
house and Thomas Milne. London, 1914. 
(Purchase.) 

A Manual of the High-speed Steam Engine. 
By H. K. Pratt. London, 1914. (Purchase.) 

Manufacture of Braid in the United States. 
Reading, Penn., 1909. (Gift of Textile 
Machine Works.) 

Marble and Marble Working. By W. G. Ren- 
wick. London, 1909. (Purchase.) 

McGraw Electrical Directory. Lighting and 
Power Edition. April, 1915. New York, 
1915. (Purchase.) 

Modern Pumping and Hydraulic Machinery. By 
Edward Butler. London, 1913. (Purchase.) 

New International Year Book, 1914. New 
York, 1915. (Purchase.) 

New York State. Department of Education. 
Annual Report, 10th. Albany, 1914. (Gift 
of N. Y. State Library.) 

New York State Library. Annual Report, 95th, 
1912. Albany, 1914. (Gift of State Library.) 

New York Stock Exchange. Crisis of 1914. By 
H. G. S. Noble. New York, 1915. (Gift 
of New York Stock Exchange.) - 


1914, London, 


Nitrosprengstoffe (Pikrinsaure,  Trinitrotoluol 
U. S). By Richard Esclaes. Leipzig, 1915. 
(Purchase.) 


Practical Coal Mining. Ed. 5. By George L. 
Kerr. London, 1914. (Purchase.) 

Railway Economics. À collective catalogue of 
books in fourteen American libraries. 
Chicago, n.d. (Gift of Bureau of Railway 
Economics.) 
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Screw Cutting in the Lathe. By E. G. Barrett. 
London, 1912. (Purchase.) 

Selenium in the Production of Colored Glass. 
By Samuel Wein. (Reprinted from Scien- 
tific American, Apr. 17, 1915.) n.p. n.d. 
(Gift of author.) 

Sheet Metal Working. By F. Georgi and A. 
Schubert, translated from the German by 
Chas. Salter. London, 1914. (Purchase.) 

Steam Power Plant Engineering. Ed. 4. By 
G. F. Gebhardt. New York, 1914. (Pur- 
chase.) 

Straight Line Engineering Diagrams. By Mani- 
fold and Poole. San Francisco, n.d. (Pur- 
chase.) 

Structural Engineers’ Handbook. Ву М. 65, 
Ketchum. New York, 1914. (Purchase.) 
Talking Motion Pictures and Selenium. By 
Samuel Wein. (Reprinted from Electrical 
Expenditure, June 1915.) n.p. n.d. (Gift of 

author.) 

Text-book of Physics. vol. III, Ed. 4— Heat. By 

J. H. Poynting and J. J. Thomson. London, 

1911. (Purchase.) 

Vol. I, Ed. 6—Properties of Matter. By 
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CONTACT SYSTEM OF THE BUTTE, ANACONDA & 
PACIFIC RAILWAY 


BY J. B. COX 


ABSTRACT OF PAPER 


A careful study of the general conditions existing on the B. A. 
& P. R. R. indicated that an overhead contact system was ad- 
visable. 

The relatively large amount of energy required per locomotive 
unit made the adoption of the roller pantagraph desirable. 
The weight of this type of collector demanded that the trolley 
line be made as flexible as possible. 

Special hangers, pulloffs, etc., were designed to accomplish 
this result. Тһе cost of the contact system was relatively high 
because of the unusual conditions. 

The operation is quite successful, though some minor troubles 
were experienced in the beginning. 


CAREFUL preliminary survev of the general problems 
involved in the electrification of the Butte, Anaconda 
& Pacific Railway had made it evident that an overhead con- 
tact system was unquestionably advisable, the two predom- 
inating reasons being, that approximately 60 per cent of the 
tracks to be electrified consisted of yards and sidings, with 
numerous switches and street crossings, and that a great por- 
tion of these tracks were in localities where it would be very 
difficult to protect against trespass by the public. 

An analysis of the general traffic conditions had indicated 
that a locomotive unit with approximately 80 tons on drivers, 
and equipped with an aggregate motor capacity of approxi- 
mately 2400 h.p., for maximum accelerating periods, would 
be most economical and best suited to the general service con- 
ditions, two such units being operated in multiple as a single 
locomotive for the heavier freight trains. Such a locomotive 
would thus require to receive at its collectors from the trolley 
frequently from 3000 to 3600 kilowatts which would mean 
6000, 3000 or 2500 amperes at 600, 1200 or 1500 volts respec- 
tively. | | 

Trial estimates on total initial costs and final operating ex- 

Manuscript of this paper was received June 12, 1915. 
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penses for the entire electrification had indicated that, for the 
general conditions, direct-current motors operating two in series 
from a 2400 volt trolley fed from two substations, one located 
at each end of the line in existing power supply buildings ap- 
proximately 26 miles apart where no extra attendants would 
be required, would be expected to yield most economical re- 
sults. Higher trolley voltages were considered but were not 
found to be generally advantageous. 

A double-unit locomotive with capacity as described would 
therefore, require to collect from the 2400-volt trolley during 
acceleration from 1400 to 1500 amperes or 700 to 750 amperes 
for each collector, one being used per umt. 

While this was known to be well within the capacity ofa 
single 4/0 trolley wire fed at frequent intervals from both 
directions, the successful collection of such a heavy current 
from a single trolley wire was a more serious problem. 

Sliding pantagraphs of various types had been developed 
and made to operate fairly successfully for the collection of 
currents up to 150 to 200 amperes under similar operating con- 
ditions but none had given any hopeful indications of collecting 
such heavy currents with reasonably satisfactory life. 

Rollers of various kinds had been tried as substitutes for 
the slider and one of these, made from steel tubing, had been 
found to give very satisfactory results, and on the whole, seemed 
to be the most promising prospect at the time so that this type 
of collector was chosen for the moving contact device on the 
locomotives. 

A Shelby steel tube 5 inches in diameter and 24 inches long 
was used for making up the roller. The thickness of this 
tube when turned up inside and outside was approximately 
i inch. А wooden lining was originally forced inside the tube 
which was expected to hold the tube together until the spark- 
ing had called attention to the necessity for its removal in case 
it wore through the metal. | 

Removable bearing housings of aluminum metal were fitted 
into each end of this tube, two phosphor-bronze sleeve bear- 
ings being installed in each housing, between which was an 
oil chamber for containing the lubricant. The complete roller 
revolved about a $-in. steel shaft which was fixed at each end 
by clamps to the pantagraph frame. 

The completed roller with lining, bearings and spindle weighed 
approximately 31 lb., as against about 5 lb. for the corres- 
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ponding contact element usually adopted for the sliding panta- 
graph. 

This comparatively heavy contact device could not be ex- 
pected to respond so readily or so gently to hard or uneven 
spots in the trolley wire as does the lighter slider. Besides the 
increase in weight, the rapid revolving of the roller at high 
speeds would tend to increase the difficulties unless the balance 
was almost perfect. These difficulties were foreseen from the 
beginning and as it was realized that the weight of the roller 
could not be materially reduced it was decided to adopt prac- ` 
tically the standard pantagraph frame with such changes as 
were necessary for the substitution of the roller, and to turn 
to the trolley line construction with a view to removing the 
most serious objections to the roller by avoiding the hard or 
uneven spots in the trolley line, which seemed to be its greatest 
enemy. | 

The pantagraph as originally installed on the locomotives 
is illustrated in Fig. 1. One such pantagraph*was put on each 
freight locomotive unit and two on each passenger unit, though 
only one pantagraph is used at a time, the extra one being a 
spare one for use in case of trouble, thus to avoid unnecessary 
delay. All main line freight trains are operated by a double- 
unit locomotive with both pantagraphs in contact with the 
trolley wire and connected in multiple by means of a bus line 
run on top of the locomotives with a jumper connection be- 
tween the two units. 

In case of accident to either pantagraph on ТТА trains a 
single pantagraph is capable of collecting the current for both 
units for the completion of the trip. The operation of this 
pantagraph in service is detailed further on in this article. 

In considering what might be done by way of improving the 
design of the overhead line construction so as to make it more 
adaptable to the satisfactory operation of the roller pantagraph 
evenness and flexibility were the qualities most desired. 

The introduction of catenary construction with hangers at 
frequent intervals had accomplished much in these directions, 
especially the first, and gradual improvements had been made 
toward simplifying and cheapening this type of construction, 
though perhaps the importance of flexibility had not been fully 
appreciated until the heavier types of collector became desirable. 

Attention was directed to the redesigning of all hangers, pull- 
offs and other of the line material which tended to add unevenly 
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[cox] 
Fic. 1—PANTAGRAPH TROLLEY 


[cox] [cox] 
Fic. 2—Form СН HANGER Fic. 5—Ricip CATENARY PULL-OFF: 
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[cox] 
Fic. 3—FLEXIBLE PULL-OFF FOR PANTAGRAPH COLLECTOR 


Fic. 4—DovBLE FLEXIBLE CATENARY PULL-OFF 


[cox] 
Fic. 6—SPLICING SLEEVE, WEDGE TYPE, RENEWABLE SHOE, FOR PANTA- 
GRAPH COLLECTOR 


[cox] [cox] 
Fic. 8—Form A Моор STRAIN INSULATOR Fic. 7— WEDGE GRIP CLEVIS 
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distributed weight or local stiffness to the trolley wire, the re- 
sult being the development of a new line of this apparatus. 

The new hanger was made up of š by }-in. flat strap with a 
malleable iron ear secured by a 4 by 1 3-in. carriage bolt. This 
hanger allows the greatest possible vertical movement of the 
trolley wire, or more than the upward pressure of the two panta- 
graphs of a double unit locomotive operating with a tension of 
35 to 40 lb. each against the trolley wire will normally raise it, 
before any resistance from the messenger is encountered, since 
the loop extends for almost the entire length of the hanger. 
The hanger is simple in construction and easily installed as the 
loop is merely thrown over the messenger and the two ears car- 
ried by the loop strap are secured by the single bolt which at the 
same time clamps the self aligning jaws into the grooves of the 
trolley wire. 

The design of the jaws give liberal clearance for the roller and 
would readily permit the operation of a trolley wheel should such 
for any reason be desired. 

The weight of the complete hanger varied from 143 oz. in 
the case of the 8-in. to 13 lb. for the 28-in. or longest. This 
hanger 1s shown 1n Fig. 2. 

As a very large percentage of the trackage to be electrified 
is curve construction, varying any where from tangent to 22 deg., 
it was necessary to give most careful attention to the design of 
a new pulloff. The result of the efforts in this direction was an 
entirely new pulloff, by means of which the messenger and 
trolley wires are held in position by separate clamps, from each of 
which run an individual pulloff wire with a strut between, main- 
_ taining the pull parallel to the horizontal plane of the trolley 
wire, allowing free vertical movement independent of the mes- 
senger, Fig. 3. 

The double pulloff used where there was more than one 
track is shown in Fig. 4. This pulloff, while an improvement іп 
some respects over former designs, was not as satisfactory as the 
single pulloff, as it proved to be heavier and less flexible than 
was desired, causing slight sparking when a single pantagraph 
passed underneath it at medium speeds. 

The design has been revised and future construction will be 
considerably improved. 

Rigid pulloffs as shown in Fig. 5 were used at some points but 
were found to be subjected to much the same objections as the 
double pulloffs because of the sparking due to similar reasons. 
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The type of splicing sleeve used is shown in Fig. 6. It is made 
of sheet steel with a malleable iron removable shoe which gives 
a smooth underrun for the roller, and may be replaced when 
worn out before the body of the holding member proper is in- 
jured. 

The wire is securely held by a drop forged wedge with sharp- 
ened teeth, without bending the wire or diminishing its tensile 
strength. | 

Fig. 7 illustrates the form of wedge grip clevis used for dead- 
ending the trolley and messenger wires. This had double wedges 
with sharpened teeth similar to those for the splicing sleeve. 

These are readily installed with a hammer, which together 
with their low manufacturing cost and ease of adjustment in 
service, makes their use economical as well as satisfactory. 

The question as to the use of wood or steel poles for the sup- 
porting structure was not a difficult one owing to the general 
conditions and the nearness to the best of markets for good 
Idaho cedar poles which made their use more economical when 
compared with the cost of steel structure. Some consideration 
was given to the use of steel structure in some of the yard con- 
struction where as many as eight tracks were to be spanned, but 
even here it was finally decided to use the wood poles though the 
general advantages were not so great as on the main line con- 
struction. However, steel supporting structures were used оп 
the double track steel trestle running from the concentrator 
yards up over the ore storage bins alongside the concentrator 
buildings, Fig. ТА. These tracks are approximately à mile in 
length. The stecl supporting structure was made up at the 
smelter and the cost of same is included in Table II. 

A further item of unusual character in connection with the 
trolley line construction was that required for about 4 mile of 
track alongside a slump pond from which the sediment is taken 
by means of a drag line scraper bucket operated from a cable- 
way suspended between two traveling towers mounted on 
rails on each side of the pond. As the track in question on 
which empty cars are placed for loading is located inside the 
area covered bv the cableway, a trolley wire over the center of 
the track would interfere with the loading, and as it was de- 
sirable to use a standard locomotive for the handling of these 
cars, the brackets which supported the trolley and messenger 
Wire were hinged at the pole. А flexible wire cable attached 
to the outer end and passing over a pulley anchored on top of 
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Fic. 7A—STEEL SUPPORTING STRUCTURES ON TRESTLE 
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the pole was connected to a hand-operated windlass by which 
the brackets are swung upward carrying the trolley line from over 
the track and clear of the path of the bucket. When the load- 
ing is completed the trolley is lowered to the normal position 
while the loaded cars are removed and replaced by other empties. 
The number of poles and costs will be found in Table ITI. 


TABLE II.—COST OF DISTRIBUTION SYSTEM. 


Cost per item | Cost per mile 


Labor installing о on cco аг еее $129,027.56 $1417.89 
Feeder соррег...................................... 89,697 .00 985.68 
Work train вегуісе.................................. 64.268.31 706.25 
Trolley уэлге....................................... 58,213.60 639.71 
Cedar Poles. оао ЫР en RS 27,739.21 304.83 
Galvanized strand міге.............................. 26.807 .47 294 59 
Cupper БО y сұр рден оза ЖЕНЕ а 20,564 .20 225.98 
Hangers элеке usw S WENN ERA FR OE 7,596.27 83.48 
Crosby clips o ue Red О не 5.396.17 59.30 
Wood strainiinsulators.............................. ‚ 95.385 22 59.18 
Engineering and superintendence..................... 5,289.30 | 58.12 
DP УЕ КУШИ ЕЛ ЛОК ОЛЕГ DEM x ЛЛУ Г tef 3,811.30 41.88 
MHCHOT TOUS fey eon tae an wed а ЫМ urs de eae ЧЕНЕ ЧСИ 3,403 73 37.40 
Sectionalizing вуәліссһев.................... ........ 3,097.05 34.03 
Injuriesand damages.etc............................ 3,036.56 33.37 
Fitting up workcars................................ 2.202.61 25.19 
Steel and iron from stock............................ 2,043.87 22 46 
Lumber and timbers............. 00 ccc eee eee ee eee 2,013.61 22.13 
Rental on work саг$................................. 1,716.50 18.86 
Shop Крео Eh СЫҒАН 1,418.59 15.59 
Lightning аггевїегв................................. 1,271.02 13.96 
Päintsand ons аа ааа DEP EE ES 901.32 9.90 
Feeders and messenger insulators..................... 842.15 9.25 
Creosote and оїй.................................... 637 .00 7.00 
Steel bond protectors............................... 570.00 6.26 
Splicing- о eC кш qur pee ev Ra mS 294.00 3.23 
Ровзїане,саг-[агев,еїс............................... 238.62 2.62 
(saardsánd signs... sod Een RV VE Rana 234.08 2.57 
Wedge griDS- 25245 е затым чал ет de y ees 130.01 1.43 
Dynamiteandfíuses................................. 121.36 1.33 
Gasoline, solder,etc........................... erene 100.46 1.10 
Miscellaneousitems................................ 33,629 . 50 369.55 

ТОКА а wa ка ораны тарына) $501,787 .74 $5514.15 


The question of insulation was not a serious one as trolley 
voltages up to 11,000 volts had been in operation for a number 
of vears and insulation difficulties for such purposes had been 
met quite satisfactorily, so that the question was merely a 
matter of choice between wood and porcelain, the decision event- 
ually being made in favor of wood as the dry climate in the lo- 
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cality was favorable to its satisfactory service with greater 
general economy. | 

The wood strain insulators used are shown in Fig. 8 and the 
number used and costs are given in Table ПТ. 

Insofar as the general plan of trolley construction is concerned 
no very decidedly radical departures from some of the later 
installations was attempted but every effort was made to sim- 
plify and perfect what has been done before and to adapt the 
construction to the particular conditions. 

A very important item in the way of economizing and simplify- 
ing was the omission of the use of any form of deflector at all 
special work. Some new departures were made in the manner 


TABLE III.—SHOWING AMOUNTS AND COSTS OF PRINCIPAL MATERIALS 
REQUIRED FOR DISTRIBUTION SYSTEM. 


Total Units Costs Total 
units per mile per unit cost 
cents 
Feeder copper, lbs............. 507,055 5.572 17.69 $89 697 .00 
Trolley copper, 1Ъ$............. 343,030 3,770 16.97 58,213.60 
Cedar poles................... 4.869 53.5 569.71 27,739.21 
Galvanized steel strand, feet.... 1,553,750 17,074 1.73 26.807 .47 
Copper bonds................. 32,260 355 63.74 20.504 .20 
Crosby clips.................. 61,911 680 8.72 5,396.17 
Wood strain insulators......... 15,850 175 33.07 5,385.22 
Anchorrods.................. 6,123 673 55.57 3,403.73 
Splicing $ееуе$............... 265 3 111.00 294.00 
Wedge &гірѕ.................. 630 7.5 19.13 130.01 
Total. РТЫ ata tbc aac Бы айыр Ы алалы Se ae awe $237,630.61 


of arrangement of the trolley wires at these points so as to insure 
the pantagraphs picking up and dropping them properly. 

At switching points in ordinary trolley construction frogs 
are employed to make the trolley junction, and for pantagraph 
use deflectors are generally required to prevent the pantagraph 
when approaching such a junction toward a trailing switch 
from raising the wire under which it is operating, sufficiently 
above that over the converging track so as to allow the panta- 
graph to get over it without destructive results to cither the 
pantagraph or trolley or both. Instead of this construction, 
the trolley and messenger wires which were intended to follow 
the switching track was started several feet ahead of the switch 
from a convenient point for dead-ending, and several inches 
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Fic. 10—Stock BIN YARD—SMELTER HILL 
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Fic. 12—SECTION INSULATOR FOR PANTAGRAPH COLLECTOR INSTALLED 
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above the horizontal plane of the through wires, and gradually 
brought down to that plane a short distance ahead of the switch- 
ing point where they were gradually carried away following 
over the switching track. At some points in the yards where 
the parallel tracks leave the ladder track at close intervals as 
many as six sets of wires are in the same horizontal plane and 
all the trolley wirés making contact with the roller simultane- 
ously, Fig. 9. 

This construction has proved entirely satisfactory and there 
have been no instances of trouble from the omission of de- 
flectors, which not only lessened the cost of the work but avoided 
much extra weight at points where the supporting structure 
was most taxed. Fig. 10 illustrates of the above construction. 

Air section insulation was used at all points where it was 
practicable and has been found to be advantageous from every 
point of view. Instead of inserting wooden insulators in the 
trolley line where sectionalization was desired, the ends of the 
wires of each section were made to overlap each other the 
length of a pole spacing, the two sets of wires being carried in 
approximately the same horizontal plane but about 12 inches 
apart for a few feet in the middle of the span, from which point 
the dead ends of the trolley wire were gradually carried above 
the path of the collector to its anchorage. 

This construction avoids the use of heavy insulators thus 
preventing hard or heavy spots in the line which are destructive 
to the line and pantagraph alike. With this construction there 
is less objection to sub-dividing the line into a number of short 
sections, which, with the elasticitv provided by wood poles 
and catenary suspension, overcomes to a great extent, the 
difficulties arising from contraction and expansion due to 
changes in temperature. | 

These sections are passed at full speed without any noticable 
effect on the line or the pantagraph or the least interruption 


` of contact. 


Similar construction was used at all anchoring points for 
both trolley and messenger and has been found to be equally 
satisfactory here. Undoubtedly this type of sectionalizing will 
become much more general in the future and means will be de- 
vised for its adoption at points where it is now found difficult 
to install properly. 

Tests were made by cutting the current off of one section and 
running a locomotive from the live section onto the dead sec- 
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tion at slow speed and heavy current to see if the arcing between 
the pantagraph and the live trolley wire would be injurious. 
The arcing was surprisingly small and not of a nature to do 
"serious harm to either wire:or roller. Fig. No. 11 shows the 
general method of installation. 

The effect of such an operation in the case of the wooden 
section insulators used at 600-volt street railway crossings and 
and other points where it was not found convenient to install 
the air type was quite injurious, and though such tests were 
not meant to be given them and the insulators were not ex- 
pected to stand such treatment repeatedly, some of those, 
located at street crossings where considerable switching was 
done, received the test too frequently and sooner or later broke 
down under the treatment. 

At these street railway crossings it was necessary to use 
two such insulators in the 2400-volt line about 75 feet apart, 
the trolley section in between being called the protecting zone, 
this being made necessary on account of the operation of double- 
unit locomotives with a trolley on each up, and the two being 
connected by a bus line. 

As the first insulator was usually about 100 ft. from the 
switch and the safety section was not energized until a member 
of the train crew ran ahead and threw a commutating switch 
located on a pole near the street crossing which cut off the com- 
mutating section from the normal 600-volt connection and ener- 
gized it with the 2400-volt current so long as the switch handle 
was held in the full up position, it frequently happened in the 
earlier period of clectrical operation, before the crews had 
learned from actual experience the damage that might result, 
that the member of the crew whose duty it was to run ahead 
and operate the switch did not get it thrown until the loco- 
motive had passed under the first insulator, and as this was 
often done with power on the motors, the arcing that occurred 
when the roller left the live section of the insulator and ran 
onto the dead section carbonized the wood of the insulator 
and the carbonization was extended with each repetition until 
the insulation was finally insufficient and the insulator had to 
be replaced. The insulator originally used at these points 15 
shown in Fig. 12. These experiences suggested the advisability 
of a change in the design of the insulator which would render 
the arcing in such instances less destructive, so that the over- 
lapping metal contact strips which originally were attached 
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directly to the bottom of the wood insulators, were replaced 
by other strips which were carried out about four inches away 
from the wood insulation, thus making the distance between 
the strips considerably greater. These strips were attached to 
the insulators by spring hinges, so as to lessen the blow to both 
the insulator and pantagraph. These insulators were quite an 
improvement over the original ones but even they were not 
entirely free from injury when heavy currents were broken 
under the conditions heretofore described. 

The B. A. & P. tracks cross local 600-volt street railway 
tracks at six points, four of which are at street level in Butte. 
Two. are at the Anaconda end but these, not being at street 
crossings, avoided the use of the special switching devices by 
arranging with the street railway company to coast over the 
crossing. At two of the crossings in Butte watchmen were 
permanently emploved to operate gates for protecting the traffic. 
The electrical switches for controlling the crossing at these 
points were placed on poles near the watchman's tower where 
he could easily operate them, and were interlocked with the 
gates so as to make it impossible to energize the crossing with 
the 2400-volt current until the gates were closed or to open the 
gates while the switch was in the 2400-volt position. 

Practically no trouble was experienced at these points after 
the watchmen became accustomed to their new duties but at 
the less frequently used crossings where the train crews operate 
the commutating switches, some troubles were experienced 
with the switches in addition to that already noted with the 
section insulators. These switches were not expected to open 
heavy currents but the operators were expected to hold them in 
until the locomotive had entirely cleared the protecting zone, 
but occasionally this was not done, or, to aggravate matters, the 
switch was allowed to open only partly while the locomotive 
was still in the protecting zone and when arcing was noticed in 
the switch box the handle was dropped and the switch badly 
burned. These commutating switches are shown in Fig. 14. 
At one point where this trouble occurred a second time, electri- 
cally operated contactors were placed in series with the ordinary 
operating switch on both the 2400-volt and the 600-volt circuit, 
and two sets of contactors being so interlocked as to render it 
impossible for the two sets to be energized at the same time, as 
shown in Fig. 15. | 

No further troubles were experienced from this cause after 
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the installation of the contactors. These switches have been 
redesigned for future installations. After the men had become 
familiar with the operation of the switches there were very few 
instances of trouble even with the original switches. 

The trolley line was sectionalized at intervals as shown in 
Fig. 16, which also shows the final feeder arrangement. The 
sectionalizing switches were placed in asbestos lined wooden 
boxes and located on trolley poles well out of reach from the 
ground. An operating lever was located at a convenient point 
on the pole and at a suitable distance from the ground for ease 
in handling, and is provided with a standard track switch pad- 
lock so that no extra key is required by trainmen for its opera- 


2400 Volt Trolley 


p rm s Insulators | Form L-7 24 Break 
7 Protecting Zone /с і X 


2400| V. Contactors 600 V. Contactors J Section Insulator Form 1-3 24'Break 


600 Volt Trolley 


Fic. 15—DIAGRAM OF CONNECTIONS AT 600 VoLT STREET RAILWAY 
CROSSING SHOWING COMMUTATING ARRANGEMENT AND PROTECTION 
FROM 2400-Уост SYSTEM WITH ELECTRICALLY-OPERATED CONTACTORS 
IN SERIES WITH REGULAR COMMUTATING SWITCH 


tion. The operating handle is connected with the switch blade 
by a wooden rod which provided adequate insulation. 

In addition to the sectionalizing of the main line, these switches | 
were used at all yards and at most spurs and transfer tracks to 
connecting lines, and at such of these points when the service 
was infrequent, the switch was normally left open. Such trans- 
fer connections were made with four other railway lines viz: 
Great Northern, Northern Pacific, Chicago, Milwaukee & St. 
Paul, and the Oregon Short Line. 

Eleven-point suspension with 28-inch deflection was used 
throughout with pole spacing, hanger length and pulloff arrange- 
ment approximately as per Table IT. 
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Fic. 21—REVvVISED WEARING PLATE FOR ROLLER PANTAGRAPH 
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Approximatelv 10 per cent of the 91 miles of track electri- 
fied was bracket construction, which was used on nearly all 
tangent single track. These stretches of tangent track were so 
short comparatively and the percentage and degree of curvature 
so great, that it was unnecessary to make апу speciai provision 
for staggering the trolley wire. Approximately 38 of the 91 
track miles would be classified as route miles, leaving about 53 
miles, or roughly 58 per cent of yards, sidings, spurs, etc. These 
53 miles were made up principally of eight yards located at 
, Anaconda, East Anaconda, Silver Bow, Rocker, West Butte 
and Butte on the main line and the Concentrator Bins, Storage 
Bins, and Butte Hill Yards on branch lines. Fig. 17 shows a 
map of the relative location of these vards and spurs, as well as 
the number and arrangement of the tracks, etc. 

The East Anaconda yards contained 12 tracks inclusive of 


Fic. 18—East ANACONDA YARD B. А. & P. Ry. 


that for the main line, approximating about five miles aggregate 
trackage, being the largest yard on the system, a plan of which 
is shown in Fig. 18. Eight of these tracks run almost the entire 
length of the yard which is approximately one-half mile in length. 
These eight tracks are spanned by double messenger span wires 
supported from a pole line on each side spaced approximately 
110 ft. apart. The details of this construction with dimensions 
are given in Fig. 19. 

At the western end of the yard there were four additional stub 
end tracks where a third pole line was erected to form the out- 
side support for the wiring of same. 

This eight track span construction has stood up well and is 
quite satisfactory. All the construction in the yards and spurs 
were of the standard catenary type and entire freedom from any 
kind of trouble with it would seem to fully justify any additional 
expense that such may have required. 
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The construction work was practically completed in October 
1913, though some small extensions were made on Butte Hill 
in 1914 and are included herein. 

Fig. 20 illustrates the form of weekly report that was made to 
indicate the progress and general condition of the work during 
construction. As this was the last such report made it repre- 
sents practically the completed construction and indicates how 
nearly the original estimates correspond with the final results 
besides giving many other details of useful interest relative to 
the nature of the work. 

This report was not intended to cover other than the regular 
construction and, therefore, does not include the entire list of 
all the items mentioned, and as heretofore mentioned, some 
further short extensions were made at a later date. 
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Fic. 19— DIMENSIONS OF CRoss CATENARY SPAN CONSTRUCTION EIGHT 
Tracks, B. A. & P. Ry. 


The total cost of the trolley and feeder system inclusive of 
bonding and all changes made necessary in the way of clearance 
for poles, wiring, etc., such as rclocation of tracks, telephone, 
telegraph and light wires, etc., up to the fiscal period ending 
June 30th, 1914, as reported to the Interstate Commerce Com- 
mission, was $501,787.74. This would make the average cost 
of the overhead system including feeders and bonding per 
track mile $5,514.15 or per route mile $13,381.00. 

An itemized list of these costs is given in Table III, while 
the amounts and unit costs of the principal items involved will 
also be found in Table III. The total costs given are from the 
official records of the Railway Company which are classified in 
accordance with Interstate Commerce Commission regulations 
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as appears in Table IV, which include the entire cost of the elec- 
trification. 

The whole of accounts No's, I2, 16, 19 and 22 and such portion 
of No. 1 as was directly in connection with the distribution 
system is taken as the total cost of that system. 

The listed items in Table No. 2 are approximately correct 
though in some instances there was some question as to a proper 
allocation. However, the general results are as nearly correct 


as is practicable, and even the slightest variations in local con- - 


ditions would easily offset any likely discrepancy in the pro- 
portioning of these costs. The sum of the listed items was sub- 
tracted from the total cost and the remainder listed as mis- 
cellaneous thereby covering all items of materials and labor, 


` 


TABLE IV—COSTS OF THE ELECTRIFICATION OF THE BUTTE, ANACONDA 
& PACIFIC RAILWAY CLASSIFIED IN ACCORDANCE WITH INTERSTATE 
COMMERCE REGULATIONS. 


Account No. 1. Engineering and superintendence (including general 


preliminary report)............................ $10,937.15 

2 “ 12. Roadway tools (used for construction 19 & 22) ЖЕНЕ 3,851.74 

^ * 16. Crossings, fences, guards and signs mostly for signs... 234.08 
ы 4 17. Interlocking and signal apparatus, new system. ге- 

quired account of electrification. ..............4. 22,367 .62 

s “ 19. Poles and fixtures (approximately 91 miles track).... 135,263.98 

* “ 22. Distribution system—(approx. 91 miles track wired) 357 ,009 .45 

: “ 25. Substation building— (existing building used)....... 191.15 
* “ 31. \ Electrical Equipment—(5, 1000 kw. motor gen- 

36. | erator sets and 17 locomotive units)............. 671,764.78 

5 ON Alo ТИТЕ Нысана ы Ды, Ба Oe Oia esau patty 9,975.80 

Тоһарзыада сазы сыны ТТК ы ары ` $1,211,595.75 


etc., not definitely specified, leaving no question as to the total 
cost. . 

All this construction was done while the road was under full 
operation and under many conditions which tended to increase 
the cost above the normal. 

The principal items tending to increase the cost were the 
large percentage of curves and special work, high price of all 
labor, interference of foreign wire, changes in location of tracks, 
walkways, platforms, buildings, trestles, bridges, etc., necessary 
on account of the electrification, extra heavy traffic on the main 
line, due to the use of fifteen miles of same by a transcontinental 
line for all traffic while a connecting link for this section was 
being built, strike of electrical wiremen, cold weather, varia- 
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tion of ground condition, number of street railway crossings, 
etc., etc. 

It is not likely that the average steam road would encounter 
so many obstacles of this nature in undertaking the electri- 
fication of its lines, for seldom would there be found more com- 
plications than in this case where the nature of the work being 
required for a mining and smelting industry of such magnitude 
calls for many varieties of structures and conditions not usually 
to be encountered in ordinary railway electrifications. 

The work was begun in the summer of 1912 and was just 
reaching a state of efficient organization when the electrical 
wiremen went on strike tieing up the entire work from June 
to October, about three months of the most favorable part of 
the year for such work thus bringing the heavy part of the 
work in the middle of the winter when the weather at times 
was 20 degrees below zero. During the three months cessation . 
of work the engineering and supervision force was continued 
at a very low percentage of efficiency and this delay contributed 
in various other ways to an increase in the cost of the con- 
struction. 

Some of the items of expense in connection with changes 
made in existing construction and charged against the distri- 
bution system, are approximately as follows: 


New telephone line on trolley line ро1ев............................. $7,850.64 
Changing light, power, telephone & telegraph Піпев................... 4,273.15 
Changing street raiftway crossings................... ЛЫМ duh eode x iis 1,546.65 
Relocating railway tracks................. рына ЖЕН EC 815.90 
Raising drip Sheds) co) оо Oe E А 785.54 
Changing station platforms....................... ¿ña APs АН Ве fog 693.29 
Raising wagon ВБгіддез........................................... 361.52 

Total тыыл р ым Q std eR ааа ада CS $16,326.69 


The new telephone lines in the foregoing list were run on 
the trolley line poles and were for the purpose of enabling the 
train crews to communicate with the dispatcher from any loco- 
motive on all of which telephone instruments were installed to- 
gether with a standard rod for making electrical connections 
with the wires at any point along the line. 

The above list is by no means complete though it gives an 
indication of the various items represented in the total costs 
of the system. 

Combining eleven pay rolls gives the following classification 
of labor: 
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Avge. Approx. 


Days per day Total 

Blacksmiths and helper...................... 27 3.08 $110.58 
Boilermakers “ ее РУСРО 26 3.76 97.78 
Carpenters “ LOB RID PRIOR РИ * 17 4.40 75.56 
Machinists “ РОУТЕР РЕТТЕР 15 4.33 64.91 
Electricians “ И. 3,580 5.71 20,544 .09 
Pipefitters s ТТ us EE TE 2 3.80 7.69 
LabörefS nena nean E АЗА Pe eS 3,035 3.56 28,611.53 
Tenmsters. oo woe xai Wal Rea cow ea bó d 35 3.25 106.96 
Electricalforeman.......................... 835 6.35 5,300.62 
Fotemén vox е шине aye s pata u Ae es 665 6.06 4,030.82 
Clerks у о РА РЛЫ ne See as 500 3.35 1,670.42 

Totalg; uuu асаа eS 13,737 $4.41 $60,620 .96 


These eleven payrolls represent the principal items of labor 
in connection with the erection of the trolley and feeder wires, 
being that for the regular forces engaged in this work and 
charged against account No. 22, Table IV. 

Time and a half was allowed for all overtime and double 
time for Sunday work in the case of clectrical workers. 

Wages and perhaps most materials are somewhat higher in 
this locality than in any to the east of it or than in most any 
other of the western states. 

The operation of the overhead system as a whole has been 
quite satisfactory in every respect for there have been prac- 
tically no troubles with it or delays to traffic on account of it. 
There were two instances of wires slipping in the splicing sleeves 
due to the wedges not being properly driven up. Once of these 
instances was in connection with the trolley wire and the other 
with the messenger. In both cases the results were negligible 
as in the first the trolley hangers slid back along the messenger 
much as the rings hanging a curtain slide along the supporting 
wire until the tension was all out, the trolley being held clear 
of the ground by the messenger; while in the second instance 
the messenger slid back through the loop of the hanger until 
the tension was relieved but was supported clear of the ground 
by the trolley wire, no harm resulting. All that was necessary 
to remedy the trouble in either instance was to pull the parted 
wire back into position and properly wedge it into the sleeves. 
There have been two instances of the trolley wire parting due 
to improper welding of the metal in manufacture and other 
similarly negligible instances common to such installations. 
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The most serious interruption that occurred was originated by 
the blasting out of some old.bridge piles by the section men of a 
paralleling railway. A fragment of the pile was blown against 
a telephone wire carrving it across the 2400-volt trolley. This 
telephone wire ran through the switching boards in all the sta- 
tionsalong the line, some of which had not then been provided with 
the proper protecting devices. The result was that the arc 
set fire to some of the boards, and in one where the operator 
happened to be temporarily absent at the moment, the building 
was burned, setting fire to adjacent poles and parting both the 
trolley and messenger wires. 

At the other stations involved where the operators were pres- 
ent and could give prompt attention to putting out the arc 
started, no serious damage resulted. 

The maintenance men who took charge of the trolley svstem 
were put on October 1, 1913, corsisting of a fcreman and two 
linemen who could requisition other assistance when occasion 
demanded. The cost of maintenance from this date up to and 
including March 31st, 1915, covering the first 18 months opera- 
tion is given in Table V. 

Beginning with July, 1914, these accounts were kept more in 
detail. These expenses include some rearrangements of feeder, 
etc., and the cost of some special instruments for bond testing 
and tools. The average cost of the maintenance of the distri- 
bution, system inclusive of the track bonding for the 18 months, 
has been at the rate of $109.13 per track mile per vear. 

Taking the last nine months during which the costs were 
segregated more completely gives the following results: 


| Poles 
| and 
| fixtures | Trolley Feeder Bonding Misc. Total 
I 
а= е амра =u => 
Labor; сады ы ыи $1915.35 182115 60 | $460.75 | $453.45 4945.15 
Material.............. 71.80 32.74 601.09 458 58 367.94 | 1562.15 
Total......... nm 15 | 2148.34 1061.84 942 03 367.94 |$6507.30 
Rate per year,......... 2649.53 | 2864.45 | 1415.79 | 1256.04 |490 59 | 8676.40 
Rate per year per mile of 
tracki yas apu asa 29.12 31.48 15.55 13.80 5.39 95.34 
Рет cent labor.......... 96 98 43 4&8 76 
8 material,...... 4 2 57 52 100 24 
. of total........ 31 33 16 15 5 100 
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To ascertain the rate of wear on the trolley wire, mcasure- 
ments were recently made on the Smelter Hill line where the 
traffic is heavier than at апу other point and where the electric 
service has been in operation longest, or just about two vears. 

The original diameter of the wire vertically was supposed to 
average about 0.482 inch. The minimum diameter found where 
the measurements were carefully made was 0.470 inch. The 
average of a number of measurements was 0.475 inch. It is 
usually considered safe to allow a 4/0 trolley wire to wear down 
to 0.350 inch thus allowing a wear of 0.132 inch. If the maxi- 
mum wear of 0.012 inch as found for the two years is taken as 
the average during the uscful life of the wire, which is at the 
rate of 0.006 inch per year, the wire can be expected to last 22 
years. At this portion of the line there has been an average of 
approximately 50 passages of pantagraph rollers per day which 
for two years would be an aggregate of 36,500 passages or 18,250 
per year indicating 3041 passages per thousandth of an inch wear. 

It is perhaps questionable as to whether the first few months 
wear on the trolley wire would be at the same rate as after the 
contact surface had become greater. The outside surface of the 
wire might be slightly harder than the interior and thus the 
wear Бе less at the beginning, while on the other hand when the 
wire is new the contact area with the roller is quite small and the 
pressure per unit area together with the increased current density 
might cause more rapid wear. From such data as is at hand it 
would appear that the rate of wear on the trolley is greater at the 
beginning and decreases as the contact area is increased. Ех- 
tensive tests with a sliding contact, where the operating condi- 
tions were varied as to the amount of tension against the trollev 
wire and current collected, almost invariably indicated that the 
rate of wear decreased as the area of contact increased, and there 
seems no reason to suppose that the same would not be true in 
the case of the roller collector, so that the average life of the trol- 
ley wire in this service should not be less than 20 to 25 years. 

The roller collectors adopted for the service and described in 
the beginning of this article have performed their work in general 
equallv as well as had been expected of them, though at the begin- 
ning of the electrical operation a number of minor improvements 
were found desirable. The rollers were operated against the 
trolley with an upward pressure of approximatelv 35 Ib., the prac- 
tise being not to readjust so long as the tension was not above 38 
or below ӚЗ lb., at the average operating height. 
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The first difficulties experienced with these rollers was from the 
sticking of the roller in the bearing, which resulted in their slid- 
ing along the trolley wire causing a flat spot or groove which ren- 
dered the roller unfit for further service, if not detected at an 
early stage. 

This sticking was first due to the imperfect alignment of the 
clamping jaws which held the ends of the spindle passing through 
the roller and on which the bushings revolved. As the bearings 
consisted of four bushings 13 in. long, being arranged in pairs, 
one at each end with a space of one inch between the two bush- 
ings of each pair, thus making each bushing substantially four 
inches in length, it was possible to clamp the ends of the spindle 
so tightly as to spring it out of line and cause it to bind in the 
bushings until it did not revolve with the ordinary friction offered 
by its contact with the trolley wire. This trouble was overcome 
by more care іп the adjustment of the clamps. A little later 
the caps in the bearing heads began to loosen until they bound 
the roller between the clamps and caused them to slide as before. 
A set screw was provided which prevented the unscrewing of the 
caps and no more trouble from the sliding of the roller was ex- 
perienced until extremely cold weather came and heavy frost 
accumulated on the trolley wire which, on being knocked off 
by the roller lodged on top of the 2 3-inch “ T "-iron brace or 
hooker frame support underneath the roller with about 1/16 inch 
clearance, where it piled up and finally clogged the roller causing 
the sliding of same with results as heretofore. 

This difficulty was met by increasing the clearance of both the 
brace and the roller and inverting the “T” so that the web was 
on the bottom and thus did not offer so large an area for the col- 
lection of the frost. Fig. 13 shows the results of the roller sliding 
from any cause. 

Another defect that threatened trouble at an early stage was 
the removable cast iron wearing plates screwed on to the panta- 
graph head at each end of the roller and intended to guide the 
trolley wire smoothly from the horn onto the roller. 

It was found quite difficult to keep this plate in proper align- 
ment with the roller owing to the wearing down of the bushings 
and the increase in the end play of the roller which allowed the 
trolley wire to hang in the gap between the wearing plate and the 
end of the roller, and when this condition was not remedied 
promptly a groove was soon worn at this point which often made 
the replacement of the plate necessary and sometimes that of 


™. o / 
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the roller tube as well. This difficulty was removed by the ap- 
plication of a new type, of wearing plate which extended out 
slightly over the roller with a prong on either side gradually 
dropping below the line of the top of the roller so that the wire 
passed from one to the other so gradually that there was no point 
where the wire was inclined to catch. The lower end of this 
wearing plate extended out over the upper end of the hornina 
similar manner and avoided the necessity of such careful fitting 
as had been required with the old type where butt joints were 
used. The new wearing plate is shown in Fig. 21. 

The sleeve bearings with oil lubrication were fairly satisfactory 
in the freight service where the average speed was from 15 to 
30 mi. per hr. but when the passenger service was started re- 

= W: | quiring a schedule speed of 26 
20 № | mi. per hr. with maximum 

с 22 speeds of 45 to 50 mi. рег 

hr. the bushings wore out 
very quickly, which allowed 
the oil to be carried out 
along the spindle and thrown 
off, falling on the roofs of 
the locomotive and the cars, 
making it necessary to re- 


plenish the oil at the begin- 
FIG. 2. ROLLER DE- ning of each trip. 

SIGNED FOR USE OF SLEEVE BEAR- 

INGS WITH OIL LUBRICATION 
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When the bushings become 
worn the roller vibrated con- 
siderably causing more sparking at the contact with the trolley 
wire and often breaking the truss rods used for bracing the 
pantagraph frame. In some instances these bushings were 
badly worn before they had made 200 miles. 

Experiments were made with grease lubrication which gave 
promise of good results and which led to some slight modification 
of the bearings and to a general substitution of grease for oil as 
alubricant. Fig. 22 illustrates the original bearings. 

In the meantime tests were being made with a special roller 
bearings and the results had been so encouraging that it was 
decided to substitute these for the sleeve bearings in all the rol- 
lers as the latter wore out and required to be renewed. Fig. 23 
illustrates the adaptation of the roller bearings to the original 
bearing housings, and Fig. 24 shows their installation in the 
later rollers designed for this purpose. 
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The total locomotive miles made by the electric locomotives 
up to the end of March 1915, was 927,234. The number of 
roller tubes received by the railway company up to that date was 
123 including those that came on the locomotives and extra 
pantagraphs, bought for spare parts. 

On this date the roller tube stock was as follows: 


5 New rollers complete in pantagraphs. 
29 New tubes in stock. 
20 Partially used tubes on locomotives. 
10 Partially used tubes in stock. 


Total 64 Tubes used and unused. 34 of which are new and 30 partially worn, leaving 
59 tubes that have been replaced. 
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Fic. 23— (ORIGINAL HousiNcG MODIFIED AND FITTED WITH ROLLER 
BEARING 


The master mechanic estimates that the 30 partially used 
tubes are on an average about half worn out, on which basis the 


average miles per roller would be — = 11,750, or suppos- 
ing that these tubes were two thirds worn out, the average mileage 
per tube would be „ы = 11,080 miles. 


In this connection it should be noted that eleven of the 59 
abandoned tubes were removed before they had been in service 
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many miles on account of the rollers sticking and sliding along 
the trolley until a groove was cut in them, as shown in Fig. 13. 
Some of these tubes were thus injured during the commencement 
of electrical operations before the defects had all been remedied 
but most of them were caused by the frost freezing the roller to 
the T-iron brace underneath, mentioned elsewhere. 

A large percentage of the above mileage was made before all 
the sleeve bearings were replaced by roller bearings or the clear- 
ance of the roller above the T-iron had been increased. 

Comparatively few rollers that were fitted with the roller 
bearings when new, have yet had to be replaced, one such, which 
had been in the passenger service where the average current 
collected is not so great as in the case of the freight service, though 
the specd is considerably higher, made 26,880 miles before it was 
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Fic. 24—NEW BEARING HOUSING AS FITTED IN OLD TUBE BY RAILWAY 
COMPANY 


replaced and the average mileage of all tubes with roller bearings 
at the present time 1s approximately 16,000 miles indicating 
that the roller bearings are responsible for an increase of about 
35 per cent in the averaye life of the rollers. 

The old sleeve bearings with grease lubrication had to be re- 
newed about each 5000 to 6000 miles, thus requiring about two 
sets of bushings during the life of a tube. The roller bearings 
after making 26,880 miles were in perfect condition and it is 
difficult to judge what mileage they will make, but from present 
indications it is reasonable to expect that they will make at least 
100,000 miles per set. It costs approximately $2.92 in labor and 
material to renew a set of the old bushings. 

The cest of substituting the roller bearinys for the bushings 
was approximately $2.20 for material and $2.25 for labor or 
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$4.45 per roller. It will thus be apparent that the change was 
even more important from the point of saving in maintenance of 
bearings than from increased life of the rollers. The roller 
bearings require comparatively little attention, a small quantity 
of fresh grease being inserted 
at each regular inspection of 
the engine. 

The general repairs to the 
entire pantagraph have been 
likewise affected as the de- 
creased vibration has stopped 
almost all  pantagraph 
troubles. 

The repairs to other parts | «С 
of the pantagraph during the La a 


past six months just passed Fic. 25—LarEsT TYPE OF ROLLER 
Р ; . SPECIALLY DESIGNED FOR USE WITH 
consisted of renewing six R 
; е OLLER BEARING 
wearing plates, the replacing 
of two horns and one cross bar. The average cost of main- 
tenance of the original pantagraphs with the sleeve bear- 
ings was about $185.00 per month or approximately $3.20 per 
1000 locomotive miles. The present corresponding cost of this 
maintenance is about $35.00 per month or 62 cents per 1000 
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span and guy 1 Crosby and 1-3 bott clamp 
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Note: 127 Stick = 12° clear wood. 
Max. distance between cross spans - 150 feet. 
12° Rake 24° above top of rail. 


Fic. 26—DIMENSIONS OF Cross CATENARY SPAN CONSTRUCTION, FOUR 
Tracks, B. A. & P. Ry. 


miles, showing a decrease of approximately 81 рег cent in this 
item. 

It was found in practise that the wooden lining originally 
pressed inside the tube was unnecessary and this was left out 
when the new bearings were installed. 
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The operation of these roller pantagraphs is, therefore, con- 
siderably more efficient than had originally been expected. 

Two 500,000-cir. mil feeder cables in multiple for the trolley 
and one 4/0 cable for the track return circuits were run on the 
trolley line poles between the two substations and other trolley 
feeders run to the yards which were fed separately or in pairs, 
as per Fig. 12. - | | 

Voltmeter and ammeter readings were taken on a number of 
trains to ascertain the drop in voltage and energy consumption 
a summary of which is given in Table VI, from which it will be 


TABLE VI. 
Smelter hill service. Main line service 
East Anaconda to concentrator Rocker to East Anaconda 
Train Train Train Ana- Rocker 


No. 1 No. 2 No. 3 | Average |conda to] to Ana- | Average 
rocker | conda 


А | | | ——— |. т 4—— — M |“ 


No. of cars in train... 18 21 25 21.3 64 57 60 ' 
Gross wt.tons....... 1420 1580 1910 16 33 1335 4150 
Ton-miles.gross.....| 9940 11060 13370 11431 26700 83000 54850 
Schedule speed. ..... 16.1 16.2 14.2 15.5 20.1 20.1 20.1 
Avge. amperes-total.. 580 583 667 610 366 380 373: 
Avge. volts......... 2327 2277 2276 2293 2325 2345 2335 
Avge. kilowatts..... 1350 1327 1518 1398 852 891 872 
Мах. атреге5....... 860 640 800 767 624 640 632 
Maximum volts..... 2456 2419 2456 2444 2475 2435 2455 
Max. kilowatts...... 1951 1500 1733 1728 1368 1510 1439 
Total kilowatt-hrs... 580 560 746 629 852 654 753 
Watthours per ton- 

Miles oe ssa ғыз 61.4 50.6 55.82 55.02 31.91 7.87 13.73 
Minimum volts......| 2250 2119 2100 2156 2175 2175 2175 
Max. drop- per cent.. 8.4 12.4 14.5 11.8 12.1 10.7 11.4 
Avge. drop per cent... 5.3 5.9 7.3 6.9 6.0 3.6 4.9 


seen that the maximum drop in voltage obtained was 14.5 per 
cent, while the average drop for all readings was 5.6 per cent. 

The readings making up the averages given were taken at 
30-second intervals for entire trips on locomotives in regular 
service hauling normal trains under average operating conditions 
and are, therefore, fairly representative of general results. How- 
ever, there has been a gradual increase in the weight of the trains 
which might slightly affect the average drop in voltage. 

It may be of interest to note that repair work on the 2400- 
volt trolley line is done from an ordinary wooden work car with- 
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out special insulation with full voltage on the line and there has 
been no serious cases of shock to the workmen. 


The writer wishes to thank herein Mr. С.А. Lemmon, Chief | 


Engineer, and Mr. C. H. Spengler, Master Mechanic of the 
Butte, Anaconda & Pacific Railway, Mr. R. E. Wade, now 
Ass’t. Electrical Engineer of the Chicago, Milwaukee & St. Paul 
Ry., who had personal charge of the construction of the Butte, 
Anaconda & Pacific distribution system and Mr. C. J. Hixson 
and staff for assistance kindly rendered in obtaining the data 
contained in this article. | 
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CONTACT CONDUCTORS AND COLLECTORS FOR 
ELECTRIC RAILWAYS 


BY C. ). HIXSON 


ABSTRACT OF РАРЕВ 


A general classification of collecting devices is given correspond- 
ing to the existing A. I. E. E. classification of contact conductors. 

Contact rail systems and contact wire systems are considered 
along with their corresponding collectors. 

Many data derived from measurements made upon different 
types of overhead and collecting devices are arranged in the 
form of curves. The application of these various curves are dis- 
cussed and the possibilities indicated for selecting other curves 
to still further express the factors essential to proper collection. 
This method of attacking the problem is a novel one and it is 
hoped that those interested in furthering the cause of better 
collection will be encouraged to assist in making further measure- 
ments. Examples are given of constructions where consideration 
has been given to the factors discussed. Suggestions are made 
as to profitable subjects for discussion. 


HERE has been published within recent years consider- 
able descriptive matter relating to both contact conduc- 
tors and collectors, but as a rule these two types of apparatus 
have been treated separately. It scems desirable that they 
should be considered together, since their successful operation 
depends upon each of them fitting into the requirements of 
the other. It is proposed in this paper to discuss the problem 
of current collection as a whole and in so doing to consider the 
essential factors for successful operation as well as the wee 
and means of attaining such results. 

In order to avoid confusion it seems essential to classify 
both contact conductors and collectors and indicate their re- 
lation to each other. The A. I. E. E. when defining standards 
for electric railways, subdivides distributing systems in two 
classes; contact rails and trolley wires. In the following dis- 
cussion collectors will be divided into two corresponding classes, 
namely, contact rail collectors and trolley wire collectors. 

The A. I. E. E. classification of contact rails makes certain 
subdivisions with each of which a distinctive type of collector 
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is used. It therefore seems well to follow the same subdivisions 
for rail collectors, namely, third rail shoes, overhead shoes, 
center shoes and underground shoes. 

As regards the trolley wire, the A. I. E. E. subdivisions direct 
suspension and messenger suspension, do not require distinctive 
types of collectors, since any type of trolley is likely to be used 
with either type of suspension. Common usage, however, seem 
to have already satisfactorily classified trolley wire collect г. 
into wheel trolleys, roller trolleys and slider trolleys. If 
wheel trolley be distinguished from a roller trolley by limiti. 
its width to less than its diameter, these three subdivisions 


become both distinctive and comprehensive for all trolle: | 


Usage has further subdivided the three types above referre 
to by utilizing as a basis the general nature of the frame $1 t- 
porting the collecting mechanism directly in contact with 1ле 
wire, for example, the pole, the bow and the pantagraph. THe 
term which seems to require particular attention at this time is 
the word pantagraph, used largely in connection with гот 
and slider trolleys. Although not generally recognized it shou. ! 
be noted that wheel pantagraph trolleys were used many years 
before either of the types just referred to, and such trolleys are 
still in regular production. It is therefore apparent that the 
term “ pantagraph trolley” is not definite, since it designates 
a form common to all three types. Pantagraph is also some- 
times used in connection with rail collectors, although if the 
distinction between rail and wire collectors was commonly 
recognized its use would probably be unnecessary. For example, 
the overhead shoe used upon New York Central locomotives 
was recently referred to as a third rail pantagraph trolley. 
In order to avoid confusion or the necessity for describing at 
length each type of collector when referring to it, one of the 
large manufacturers of electrical machinery was forced, a few 
years ago, to adopt the classifications as indicated above, 1.e., 
contact rail collectors are divided into third rail shoes, over- 
head shoes, center shoes and underground shoes, and the con- 
tact wire collectors are divided into wheel trolleys, roller trolleys, 
slider trolleys, with further subdivisions depending upon the 
nature of the supporting structure. 


CONTACT SYSTEM 


There is a tendency to refer to the contact conductor and 
its collector as a contact system. In fact, it would seem that 
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the railway committee in its wording of the subjects for this 
meeting, has attached this meaning to the terms. Such a 
construction is at least worthy of the attention of the standard- 
izing committee which might go a step farther and consistently 
subdivide contact systems into contact rail systems and con- 
tact wire systems. 


Сомтаст RAIL SYSTEMS 


Rail systems have been in successful operation for many 
years with great reliability and with a low cost for mainte- 


азе зе 
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Fic. 4— THIRD RAIL CONSTRUCTION AND LOCATION 


nance. These systems are particularly adapted for elevated and 
. Subway work, and are even better suited for conditions where 
it is necessary to quickly change from one to the other. High 
collecting capacity and space considerations as well as there 
being no necessity for an expensive protection for the contact 
rail have contributed to the popularity of the rail system for 
this class of service. The high initial cost, danger to life, 
difficulties from sleet and snow and complications in yards 
have been among the factors preventing its wide application 
to interurban and steam road service. Sleet and snow how- 
ever, are successfully overcome by inverting the rail and 
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using an under running shoe but in so doing the cost is some- 
what increased. 

The increase in operating voltage has materially changed 
these fundamental considerations. Higher voltages entail 
greater space and greater clearance distances. If an inverted 
third rail is to be used for voltages higher than 1000 it is neces- 
sary in order not to interfere with the standard car equipment 
clearances that the location of the insulators be shifted to some 
other position than that now commonly used. 

Several miles of such a type of inverted third rail having 
the insulator as well as the third rail itself, shifted to a greater 
distance from the track rail, it being used upon a test railway 
at East Erie. 

This rail has now been in use for several years and has been 
satisfactory in every way. The conditions under which it is 
used are not quite as exacting as those of a road in regular 
service but the indications are that it would be satisfactory 
under such conditions. The same type of shoe is used as has 
been in service for many years for underrunning third rails of 
lower voltages. The insulation of the shoe beam, however, re- 
quires porcelain as a supplementary insulation, and it has been 
possible to work this out within the limited space in a satisfac- 
tory way. 

In a series of tests made at Schenectady about a year ago 
in connection with the use of 2400 volts for an overrunning type 
of third rail system, it was found desirable to increase the 
horizontal distance of the third rail from the track by ap- 
proximately 4in. more thanis ordinarily used for 600 volt work 
and the height above the running rail was increased by about 
біп. It wasfound that there were times when full energy was 
opened by the shoe on the rail and that the arc might whip 
over to the trucks or other parts of the moving car. 

It is interesting to note that a road in the middle west, in 
connection with the electrification of which these tests were 
primarily made is now in successful regular service operation. 

While there have occurred some short circuits between the 
third rail and the parts of the moving car this does not appear 
to be sufficiently frequent to seriously interfere with regular 
service. 

The third rail shoe employed is of a special design due to 
local conditions and the slipper with its supporting arm is raised 
and lowered by compressed air. (See Fig. 5.) 
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The contact arm is folded up against the side of the car when 
passing through villages so as not to project and be a source 
of danger. During the period that the shoe is not in operation 
energy is supplied through a slider pantagraph trolley. 

In general, a 2400-volt third rail is operative and permissible 
under suitable conditions. 

As a matter of general interest at this time, Fig. 6 shows 
the underground shoe used to supply current to the towing 
locomotive in service along the Panama Canal. 


Сомтаст WIRE SYSTEMS 


Direct Suspension: The direct suspension type of trolley con- 
struction has been in use for many years and is standard for 
conditions involving low speed and moderate amounts of energy. 
For city service direct suspension with a 2/0 or 3/0 trolley wire 
is practically universally used in‘this country, along with a 
4-in. or 6-in. trolley wheel provided with graphite bushings. 
A 4/0 trolley wire was often used in direct suspension with 
the earlier interurban installations. 

For insulation, moulded compound, moulded compound ih 
mica, wood and porcelain are utilized. Some roads utilized 
moulded insulation suspensions in series with a ball or giant 
strain insulator supported by a wooden pole. Others have 
been content to use a wooden pole along with a single moulded 
insulation suspension. It is rather remarkable how many 
years of successful service these types of insulation have given. 
The wood pole is undoubtedly responsible in no small degree 
for this success. This was quite decidedly shown some years 
ago when an Italian road attempted to utilize standard Ameri- 
can material upon one of its lines equipped with steel poles. 
The short potential distance within the giant strain insulators 
located at every pole caused them to act as excellent lightning 
arresters so that the lightning scemed in most cases to prefer 
this path to that through the arresters. The difficulty was 
finaly overcome by placing in series with the giant strain in- 
sulators, an insulator having approximately six inches of wood. 

Since the use of wood for poles and insulators is gradually 
decreasing it is to be noted that porcelain for both strain and 
suspension insulators is gradually being adopted. (See Figs. 
7 and 8.) 

The pole spacing for tangent track has practicaly been 
standardized at 100 ft. which is shortened at curves depending 
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upon the degree of curvature. The type of support is either 
а cross span wire ог a bracket to which 15 attached a steel strand 
extending from the end of the bracket to the pole for the purpose 
of minimizing the hammer blow of the collecting device. 

Direct suspension is unquestionably the cheapest type of 
overhead construction, and has performed a very useful service 
in keeping down the initial investments upon the carly trolley 
roads, but with the increasing requirements for energy to be 
collected at high speeds it has become necessary to adopt a 
more flexible form of construction. 


MESSENGER OR CATENARY SUSPENSION 


The first installations were made abroad and were primarily 
designed to comply with safety regulations and to provide 
more convenient means of insulating high voltage trolley wires. 
The distance between the supporting points of the trolley wire 
was such that in case the trolley wire broke it would not fall 
to the ground or upon traffic in that vicinity. It was soon 
found that this general type of construction had other advan- 
tages which, with mcdifications, rendered it suitable for the in- 
creased service conditions. To attempt to even outline the 
various arrangements of trolley and messenger wires con- 
structed and tried out during the past 15 years would bea 
task in itself. The diversity in constructions is often such as 
to indicate fundamentally different conceptions as to what are 

and what are not desirable factors. 
|| To compensate for the additional expense of messenger 
suspension it is necessary to definitely know just what benefits 
are being obtained over those found in direct suspension. "There 
are in existence today certain types of messenger suspensions 
where it is questionable whether the benefits are equal to the 
additional money spent. It therefore secms desirable to discuss 
some factors which have proved to be essential and to indicate 
along what general lines still further improvements may be ex- 
pected. It is unfortunate that there is no convenient standard 
of “successful collection" by which to measure the various 
degrees of collection but by approximating the hfe and cost 
of maintaining the collector and contact wire along with the 
interest on the investment, it is possible to arrive at a more 
or less final standard. 

If by chance, or otherwise, a high degree of successful collec- 
tions should be attained, there are available no means for 
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specifying in definite units the conditions in such a way as to 
make it possible to reproduce or to maintain this highly de- 
sirable state of affairs. 

In order to overcome this deficiency it seems necessary to 
select different kinds or sets of measurements whose values 
more or less indicate corresponding effects upon successful 
collections. Although no such selection has been generally re- 
cognized, in order to assist in placing the phenomena involved 
upon some sort of an engineering basis it seems well to indicate 
how some slight progress at least has been made along such 
lines. | 

UNIFORM FLEXIBILITY OF CONTACT WIRE 


Within the last few years it has come to be generally re- - 
cognized that “uniform flexibility" is possibly the greatest 
factor in “successful collection." x 

When the collector passes beneath the wire, a wave is pro- 
duced extending one hundred апа fifty feet or more, in either 
direction, depending upon the pressure. The crest of this 
wave is practically always just over the collector and the height 
of the wave at any point depends upon how elastic the wire 
is at that particular point. It is evident that weights due to 
section insulators, splicing sleeves, hangers, crossings and other 
devices attached to the wire will produce hard spots directly 
proportional to their weight. 

As regards elasticity at the hanger, not only is the weight 
of the hanger a factor, but still more important is the weight 
of the wire which it supports and the lifting action of the mes- 
senger wire. 

This effect of the.moessenger wire is of great assistance in 
increasing the wave height of the trolley wire but unless the 
hanger is designed so as to permit of a still further free upward 
movement of the trolley wire after the effect due to the mes- 
senger wire ceases, the trolley wave will be restricted by the 
hanger having to lift the weight of the messenger. It is thus 
apparent that an improperly designed hanger may result in 
producing a trolley wire supported by a messenger suspension 
which will actually give worse collection than a trolley wire 
supported by a direct suspension system. Installations of 
this type are in existence and it is possible to show by direct 
measurements what it is necessary to do in order to correct 
the major portion of the difficulties with the collector and to 
put an end to the rapid deterioration of the trolley wire at 
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points of support. Fig. 9 shows the exact measure of what 
takes place. The dotted curve shows the normal position of 
the loaded messenger with the trolley wire at rest. The full 
line curve above the dotted curve shows the position to which 
the messenger will rise at the various hangers when relieved of 


Fic. 9— TROLLEY WAVE CREST CURVE FOR ONE SPAN AND CORRES- 
PONDING POSITION OF MESSENGER 


the weight of the trolley wire by the upward pressure of the 
collecting device. In order to illustrate what takes place, at 
hanger No. 2, the curve shows that with 30 lb. pressure due to 
the collecting device, the trolley wave will be about 31 in. in 
height. It is also seen, from the distance between the dotted 
and full line curves for the messenger wire, that at the same 
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Fic. 11—TROLLEY WAVE CREST CURVES AT DIFFERENT COLLECTOR 
PRESSURES FOR THE SAME SPAN 


time this pressure is applied to the trolley wire the messenger 
wire will rise 2 in. Therefore, if the hanger is free to continue 
its upward movement after the messenger has ceased to rise 
the hanger will be shoved 13 in. farther up than the position 
where the unloaded messenger wire stopped going up. Fig. 10. 
shows a hanger which allows this action to take place. 
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Fig. 11 shows how different collector pressures increase the 
trolley wave crest curves as the pressures increase. 
The arrangement and general type of the suspension also 
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Fic. 12— TROLLEY WIRE WAVE CRESTS UPWARD PRESSURE 30 LB. 
LooP TYPE or HANGER 


a—Catenary with auxiliary, 9 ft. sag, 330 ft. span 
b —Simple catenary, 9 ft. sag, 330 ft. span. 

c —Simple catenary, 5.5 ft. sag, 330 ft. span 

d —Simple catenary, 20 in. sag, 150 ft. span 


have an effect upon the shape and height of the wave crest 
curves, that is, upon the uniformity of the flexibility of the 
trolley wire. Fig. 12 shows wave crest curves corresponding 

| to the construction shown in 
Fig. 13. It will be noted that 
although type A has a second 
messenger wire parallel to the 
trolley wire which has had the 
effect of somewhat reducing 
the distance between the max- 
imum and minimum values 
that the improvement is not 
very great over that shown 
for type C which is for the 
same length of span but with 
a single messenger wire. Type 
D shows the effect of a single 
messenger when used with a 


| span of 150 feet. It will be 
D = полые ш noted that in all of them the 
most rigid portion of the 
Fic. 13 trolley wire is near the point 
of support and that the dif- 

ference between them near that point is not very great. 


The considerations discussed as entering into the flexibility 
thus far have applied particularly to tangent spans which 1s 


Tension (Trolley) 
1200 Lb., Constant 


Tension (Trolley). 
1200 Lb.. Constant 


Tension (Trolley) 
1200 Lb., Constant 
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the easiest part of the problem. At curves where pulloffs are 
required the weight of these has to be reckoned with. Fig. 14 
shows a very satisfactory arrangement of pulloffs. 

In order to obtain the highest degree of uniform vertical 
flexibility of the trolley wire, each special construction requires 
a treatment peculiar to itself. Such cases are sidings, low 
bridges, tunnels, section insulators, splicing sleeves, feeder ears 
and other devices adding weight to theline. In general, however, 
it may be noted that with an increasing appreciation of the 
importance of this factor, means for introducing artificial 
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Wheel trolley, 12-ft. pole and 9.5-Ib. wheel and CoLLECTOR — MAXIMUM 
harp. Roller trolley, roller 5 1n. diam. 24 in. iong. WORKING PRESSURE 
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Fic. 17—PRESSURE CURVE 


flexibility will doubtless be employed where it is not possible 
to attain the desired result in some other way. The principle 
of preventing injury to the wire rather than repairing it after- 
wards is in line with the general tendencies of these times. 

It is to be noted that the data given thus far relative to 
uniform flexibility have been obtained upon wires at rest. It 
is appreciated, however, that the inertia of the moving collector, 
as well as the fact that the weights of the parts constituting 
the overhead construction have to be accelerated, involve still 
other factors in successful collection. The exact measures of 
these are not considered at this time, but it is certain that the 
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values of these factors are closely interlinked with the charac- 
teristics of the collection device. 


TROLLEYS 


It is known that the pole-supported trolley wheel is much 
quicker in its action than the heavier roller and slider panta- 
graph trolleys. Fig. 15 shows the distance-speed relation of 
these two types of collectors. The roller trolley referred to 
is shown in Fig. 16. 

Since the trolleys must operate over a range in some cases 
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Fic. 18—SLIDING-CONTACT TROLLEY CURRENT COLLECTION 


New wire at beginning of run 

Wear on 0000 grooved copper troiley wire 

Double-pan collector with eight 1 1n. copper contact strips 

Reciprocating motion, 4 ft. travel, 100 times per minute. 

Lubricated with 2/1 mixture of 107 motor grease and graphite, by weight. 


as great as 9 ft. it 1s important to know what the pressure 
against the trolley wire is at various heights of the collector. 
Fig. 17 shows this relation for the roller trolley. 

When speeds of 60 mi. per hr. and currents of 2000 amperes 
and more have to be considered, it is found desirable to employ 
a slider type of trolley. In order to investigate just what the 
effect of a slider would be upon the wear of a trolley wire be- 
tween points of support, a series of tests were made in a test- 
ing machine in which the collecting strips were moved back 
and forth a definite distance under trolley wires. Figs. 18, 
19, and 20 show the results of these tests. 
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DIAM. WEAR IN INCHES 
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Fic. 19—S.LiDING-CONTACT TROLLEY CURRENT COLLECTION 


Wear on 0000 grooved copper trolley wire, 

Double-pan collector with eight 1-in. copper contact strips 
Reciprocating motion, 1-ft. travel, 100 times per minute. 
No lubrication. 
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Fic. 20—SLIDING-CONTACT TROLLEY CURRENT COLLECTION 


Wire worn off about 0.074 in. at start of run. 

Wear on 0000 grooved copper trolley wire. 

Double-span collector with eight 1-in. copper contact strips. 

Reciprocating motion, 4-ft. travel, 100 times per minute. 

Lubricated with a 2/1 mixture of 107 motor grease and graphite, by weight. 
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DovBLE TROLLEY WIRE 


Along with this problem of high speed and great capacities 
it was found desirable to employ two trolley wires hung side 
by side with the supporting points so spaced that the hangers 
“оп one wire come midway between the hangers on the other 
wire. This results іп a great improvement іп the uniformity 
of the flexibility of the trolley wire as well as an increase in the 
collecting and conducting capacity. 


EFFECT oF WIND 
The effect of wind upon the overhead construction has always 
been a subject of considerable uncertainty, and in order to 
definitely measure as far as possible such effects upon different 
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Fic. 22— TROLLEY WIRE DISPLACEMENT DUE TO WIND 


types of overhead constructions, a series of tests was made, 
in which weights were attached at each hanger which corres- 
 ponded to different wind pressures. The general arrangement 
of the weights are shown in Fig. 21. The effect of the wind 
upon the constructions are shown in Fig. 22. 

In conclusion it might be said that there are many other 
problems which might be discussed with profit, among which, 
in connection with the overhead construction might be men- 
tioned: 

1. The use of deflectors or other devices at sidings. 

2. The best method of section insulation. 

3. Convenient means for taking up slack at anchorage vs. 
automatic take-up devices 1n conjunction with the introduction, 
artificially, of elasticity into the line. 
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4. Elimination of splicing sleeves, particularly of the soldered 
type. 

5. The necessity for staggering the trolley wire and frequency 
of steady braces against sections of the wind. 

6. Construction at tunnels and bridges both as regards in- 
sulation and collection. 

7. The necessity for uniformity in the sueta factors allowed 
in different parts of the country. 

8. The best method of arranging “ticklers” for warning the 
brakeman of approaching bridges or tunnels upen electrified 
lines. 

In regard to the problems which might be discussed in con- 
nection with trolleys might be mentioned: 

1. The desirability of the air-locked vs. the air-raised type. 
. Height of the trolley wire. 

. Width of contact strips. 
. Shape of horn. 
. Clearance allowances between trolley and permanent way. 

The author desires to express his appreciation of the as- 
sistance of Mr. G. W. Bower and Mr. C. G. Lovell in the prep- 
aration of this paper. 


Om GW t 


Presented at the 32d Annual Convention of the . 
American Institute of Electrical Engineers, Deer 
Park, Md., June 29, 1915. 


Copyright 1915. By A. I. E. E. 
(Subject to final revision for the Transactions.) 


THE TREND OF ELECTRICAL DEVELOPMENT 
President's Address 


BY PAUL M. LINCOLN 


N ANNUAL address by the president of our Institute is 
more than a perfunctory affair. It is a constitutional 
requirement. It is enumerated specifically in our constitution 
among the duties of the president—'' He shall deliver an ad- 
dress at the annual convention." 

It has occurred to me that in my address on this occasion 
it might be well to trace the progress of some of the develop- 
ments and practises that have marked the path that the elec- 
trical engineer has traversed in the past, with a view of obtain- 
ing some idea, possibly, as to whither these paths may lead us 
in the future. Insofar as this method incorporates a review 
of the past it presents no particular difficulty; but when it 
involves a prognostication of what а continuation along any 
particular line of development will finally lead to, it delves 
somewhat into the realms of prophecy. I realize full well that 
anyone who attempts to deal in prophecy among the inven- 
tions and developments of this day and age is running a grave 
risk, and I therefore do not propose to wander far from what 
I conceive that the trend of present development will carry 
us toward in the future. 

In the matter of efficiencv, it has alwavs been recognized 
that electrical apparatus is in a class by itself. Mechanical 
energy can be converted into electrical by a generator, or vice 
versa, by a motor, at an efficiency ranging up to as high as 97 
per cent, or even more in the most favorable cases. I think 
it 1s a safe statement to say that the average efficiency of 
the conversion of mechanical energy into electrical by genera- 
tors, or electrical energy into mechanical by motors, including 
all sizes under actual operating conditions, will reach 90 per 
cent. There are, of course, many cases where the efficiencies 
are lower than 90 per cent. On the other hand, there are 
many cases where the conversion is carried on at much higher 
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efficiencies, and I believe that the assumption of 90 per cent 
as an average figure is not far from the truth. Owing to the 
fact that the size of the average electrical generator is much 
greater than that of the average motor and that it is possible 
to operate the generator at higher average loads than in the 
case of the motor, it must be apparent that the average effi- 
ciency in converting mechanical energy into electrical energy 
is higher than in the reconversion of this electrical energy back 
into mechanical. The average generator efficiency is un- 
doubtedly well above 90 per cent, while it is doubtful if the 
average motor reaches so high a figure. However, the general 
conclusion I would draw from these figures is not modified by 
this difference between generator and motor. This conclusion, 
which must be apparent to anyone, is that no development 
of a revolutionary character can be looked for in this respect. 
Our ability to convert mechanical energy into electrical, or 
vice versa, has reached so high a value that even if we could ob- 
tain perfection itself we could add only a matter of 10 per cent 
to what we have already accomplished. "This conclusion must 
hold unless the law of conservation of energy is revoked, and 
I am not predicting any suspension of that law. 

When we come to deal with the efficiencies by which elec- 
trical energy in one form is transformed into electrical energy | 
.of another form, efficiencies are found to be still higher. The 
efficiencies of some of our larger transformers, for instance, ex- 
ceed 99 per cent. The synchronous converter, in which alter- 
nating current is changed into direct, attains efficiencies ap- 
proaching 98 per cent. It 1s evident that perfection itself could 
not add greatly to existing performances and hence nothing 
revolutionary may be expected along this line in the future. 

When we come to consider the prime mover, we find a mar- 
velous improvement in recent years. "Taking up first the water- 
wheel, the early attempts to develop power at Niagara Falls 
constitute a significant commentary upon the status of the 
waterwheel at that time (the late 60's and the early 70's). 
About that time the building of what is now known as the 
Schoellkopf canal at Niagara Falls made available a head of 
about 215 ft. at the edge of the cliff below the falls on the Ameri- 
can side. Of this 215-ft. head, these earliest wheels used only 
some 15 or 20 ft. for some of the least progressive, and from 
there up to possibly 40 or 50 ft. for the more progressive. After 
passing through the wheels under this head, the water was 
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then discharged at the face of the cliff and fell uselessly for the 
remainder of the distance, much to the detriment of the scenic 
beauty of the bank. And not only was it impossible at that 
time to obtain waterwheels that would work under more than 
these very limited heads, but the efficiencies of such as were 
used were very far below those attainable now. Today, water- 
wheels have no limit in head, except that imposed by the strength 
of available materials, and efficiencies ranging up to 90 per cent 
are expected as matters of course. Improvements in water- 
wheel design will, of course, continue, but perfection itself 
would add but a matter of 10 per cent to the best of our modern 
practise, and not to exceed 20 per cent to 25 per cent to the 
worst. Therefore, in waterwheels, as well as in motor and 
generator practise, we are approaching the limits set by natural 
laws almost as closely as human ingenuity can be expected to 
attain. No startling or record-breaking developments need 
be expected along these lines so long as the law of conservation 
of energy holds. 

In thermodynamic engines too, the last few years have seen | 
marvelous improvement. The reciprocating engine of Watt 
has largely given place in recent years to the steam turbine, 
and the use of the turbine has enabled us to attain efficiencies 
in thermodynamic conversion that were out of the question 
with the reciprocating engine of Watt. In the thermodynamic 
conversion the law of conservation of energy takes a peculiar 
form. No conceivable method of thermodynamic conversion 
can begin to transform all of the energy contained in a lump 
of coal, for instance, into dynamic or mechanical form. If 
the heat contained in the coal is used to heat a fluid and that 
fluid is used in a thermodynamic engine, the maximum mechanical 
energy that can be taken from that engine can bear no greater 
ratio to the total heat imparted by the fuel to the fluid than 
the actual range of temperature used in the engine does to the 
maximum absolute temperature of the fluid as it enters the 
engine. The efficiency which would result by the use of this 
ratio of temperature ranges is that which would result if what 
is known as the “ Rankine cycle efficiency" were 100 per cent. 
Some of the best of our modern steam turbines have attained 
to as high as 75 per cent—or possibly a little more—of this Ran- 
kine cycle efficiency. In these most perfect engines, therefore, 
perfection itself would not add more than 25 per cent or such 
a matter. It should be particularly borne in mind that this 
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statement is true only of the best of modern practise. It is 
not true that the average of modern practise attains anywhere 
near this degree of perfection. It is only with prime movers 
of the largest size and most modern design and construction 
that so close an approach to the ideal can be attained. As 
capacity is reduced it becomes rapidly more and more difficult 
to attain the higher degrees of economy in thermodynamic 
machines. This must always remain one of the potent factors 
in the economics of power supply. Itis, and undoubtedly always 
will be, one of the fundamental reasons why central station supply 
of electric service must prevail as against isolated plant supply 
for the same service. The central station can, of course, use 
units which are very large in comparison, and can be worked 
at much higher average loads than must necessari be the 
case with an isolated plant. 

One obvious means that has been suggested to improve the . 
efficiency of the thermodynamic engine is to increase the tem- 
perature range through which the working fluid is used. When 
using water or steam as the fluid in our heat engine, there are 
certain practical limitations to the temperature range which 1s 
available and the temperature range cannot be materially ex- 
tended over the best of modern practise. The only two ways 
to extend this temperature range when using steam are to in- 
crease the superheat or increase the pressure. [Increasing the 
superheat over the best modern practise does not promise results 
commensurate with the expenditure of heat to obtain this super- 
heat, since increasing the temperature at one end of the heat 
cycle simply involves a loss in the efficiency at the other end. 
There is a rather definite limit to superheating of steam beyond 
which it is useless to go. Increasing the steam pressure does 
promise results, and it is probable that the tendencies for the 
future developments in thermodynamic engines will be toward 
these higher steam pressures. 

Another promising method of increasing temperature range 
is that to which attention has been called during the last vear 
or two by Mr. W. L. R. Emmet of Schenectady. He has 
called attention to the advantages of using mercury as the work- 
ing fluid in a heat engine for temperature ranges above those 
available with steam. After working the mercury through a 
given temperature range, the heat remaining in the mercury 
is transferred to water and the steam thus made available 15 
again worked through a lower temperature range. The ad- 
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vantages of this are that the steam is in practically all respects 
the same as in standard steam turbine practise and the mercury 
cycle is closely similar to the steam. Additional energy is 
made available from the same amount of initial heat, due to the 
greater temperature range obtainable by the use of the mercury. 
The main disadvantage is the poisonous nature of mercury 
vapor and the difficulty of absolutely preventing its leakage at 
the high pressures and temperatures of the mercury boiler. 
These practical difficulties make it too early to predict whether 
or not this method will work out as a feasible solution of the 
thermodynamic engine problem. However, it can be said that 
without some such method or device, the future is apt to bring 
no revolutionary improvements in thermodynamic engines over 
the best of modern practise Improvements of course will 
undoubtedly continue to take place, but it cannot be hoped 
that the improvements of the future will be of the same revolu- 
tionary character as the improvements in the thermodynamic 
engine which have taken place within the last 10 or 15 years. 
Here again we are approaching so close to the law of conserva- 
tion of energy that it is safe to make a prediction of this nature. 

In the matter of size and capacity of generating units,it can 
safely be said that this is a consideration that will hereafter 
be fixed by the conditions to be met and not by any inherent 
limitation in our ability to produce units of any desired out- 
put. We now have units of 30,000 kw. capacity in service and 
still larger ones projected, and no limitations of design or material 
appear of such a nature as to place a stop to further progress 
along the same line. 

At Omaha, in June 1898, the then president of our Institute, 
Dr. A. E. Kennelly, made an inaugura! address upon the topic, 
“ The Present Status of Electrical Engineering." This address 
constitutes a very convenient milestone by which to judge our 
progress since that time, and in this address I will take the 
liberty of quoting freely from this 1898 address of Past Presi- 
dent Kennelly. In the matter of generator sizes, he says, 
“Іп 1884 а 50-kw. dynamo was considered a large machine, 
while a 100-kw. Edison steam dynamo was justly called a 
‘jumbo’. At present the largest size of generator built or 
building is of 4600-kw. capacity." In the 14 years from 1884 
to 1898 the maximum size of generator therefore increased 46- 
fold, while in the 17 years since that time, the increase has only 
been about 7-fold. While the increase in capacity therefore 
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has been a marked one, the rate of increase has not been so 
rapid during the last 17 years as it was in the previous 14 years, 
a result which naturally might have been anticipated. The 
future will undoubtedly continue to produce larger and larger 
capacity machines, the limit as to size being dictated by plant 
capacity and economic considerations and not by any inability 
to produce the larger sizes. 

In the matter of selling price of such apparatus the follow- 
ing extract from Kennelly in 1898 may be of interest: ‘‘ The 
price of dynamos in 1882 was about 20 cents per watt of 
output, while dynamos of similar running speed for compara- 
tively small sizes without switchboards now cost about 2 cents 
рег watt." The speed and size of these units is not mentioned, 
but it may be said in comparison that nowadays prices are 
frequently quoted below onc-half cent per watt. In this respect 
again, the improvement in the last 17 years has not been so 
marked as it was in the 14 years previous, a result that is only 
to be expected. In the next succeeding period it 1s probable 
that a still smaller degree of improvement will occur. We are 
approaching a saturation point in this respect. 

It may be well to point out some of the reasons for this ap- 
proach to saturation in the matter of costs. Тһе two funda- 
mental costs of electrical apparatus are those of labor and 
material. In regard to the item of labor, I submit that it is 
safe to predict that the tendency for the future will be for the 
cost of labor to increase rather than decrease. Economies in 
the use of labor will undoubtedly take place by the introduc- 
tion of the methods of scientific management, etc., but these 
need not be expected to be revolutionary in character so far as 
cost of apparatus is concerned. The tendency of the labor 
item will unquestionably be toward appreciation rather than 
depreciation. | 

In regard to the item of material, modern design has ap- 
proached very close to the physical limits of available materials. 
Take, for instance, the property of permeability possessed by 
irons. With higher permeability, making available greater 
flux densities, the cost of electrical apparatus might be con- 
siderably reduced. "That the future will bring some improve- 
ment in this respect is unquestionable; but it is further highly 
improbable that this improvement will be of such a revolu- 
tionary character as to cause any sweeping change in the cost 
of electrical apparatus. 
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The hysteresis and eddy current losses that take place in irons 
and steels that are subjected to varying magnetic fluxes consti- 
tute another of the limits encountered in the design of electrical 
machines. Marked progress has been made in this respect in 
recent years. Our modern transformer steels in the matters 
of losses and iron aging qualities show a vast improvement 
over those formerly available. Unfortunately, these improve- 
ments have so far been accompanied by a decrease in perme- 
ability which is highly objectionable, particularly in rotating 
machinery. Unquestionably, further improvements will be 
made in the magnetic qualities of our irons and steels, but these 
improvements will probably make no revolutionary change in 
the costs of electrical apparatus. 

The conductivity of copper and other metals is another 
physical property that sets a limit to the output and cost of 
our electrical apparatus. Apparently we have reached a defi- 
nite limit in this respect. The conductivity of the copper 
of commerce is within an extremely small percentage of that 
of pure copper and we cannot expect to obtain a higher con- 
ductivity in copper than that of purity. There remains, of 
course, the possibility of using some metal other than copper, 
but at this present time there is very little promise in that 
possibility. There is apparently no metal that even-approaches 
the space and cost characteristic of copper that makes it so 
essential to the construction of electrical apparatus. Aluminum. 
is a competitor only when the volume of the conductor is not 
an essential element in design, as a transmission line and the 
like. . | 

One of the most pressing of our existing limitations to a reduc- 
tion in cost of electrical apparatus is that fixed by temperature 
rise. The output of a piece of electrical apparatus increases 
with the temperature rise, and the temperature rise in turn is 
dictated by the point of balance between the rate at which heat 
is put in and that at which it is taken out of a machine. The 
rate at which heat is put in depends largely upon such physical 
characteristics as hysteresis and permeability of iron and con- 
ductivity of copper, which characteristics are already being 
crowded to the limit by our modern designs. The rate at 
which heat is dissipated depends upon the efficacy of the ventila- 
tion methods used, and in this particular there is a considerable 
opportunity for improvement. The methods and devices for 
taking heat out of machines are just as important, when con- 
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sidering temperature rise, as the prevention of heat from enter- 
ing. While there is unquestionably room for considerable im- 
provement in this particular, there is a question as to whether 
it will cause any material reduction in the cost of such ap- 
paratus. The additional cost of applying the more efficient 
methods of dissipating heat will go far toward nullifying their 
tendency toward a reduction of cost. 

However, there is one line of development that does promise 
some reduction in cost, and that 1s the tendency toward higher 
operating temperatures. In the past, the maximum operating 
temperature has been fixed by the disintegrating point of fibrous 
insulation, and this point has placed a very definite and logical 
limit to temperature rises in such machines. However, when 
types of insulation are used which do not have this definite 
temperature of disintegration, this reason for such a tempera- 
ture limit disappears. Just how far we can go in apparatus 
temperatures without exceeding the safe limits of these heat- 
resisting insulations is as yet problematical. However, a limit 
to an indefinite extension in this direction is set by the tempera- 
ture coefficient of copper conductors, the property that causes 
the resistance to rise with increasing temperature, thereby 
causing still higher losses and in turn still higher temperatures. 
If we go high enough, we will reach a point of unstable equilib- 
rium in this temperature rise curve, where the apparatus will 
literally and automatically “ burn out." This point is, of 
course, far above anything that is projected at the present 
time, but while we are looking for limits, we might as well 
recognize that such a one exists. 

In the matter of power production therefore, although we 
have steadily improved in the past, both as to costs and as to 
performance, and although we mav expect to continue this 
steady improvement in the futurc, we must not expect that these 
improvements will be of the same revolutionary character as 
they have been in the past. We can see ahcad of us a definite 
limit beyond which it will be impossible to improve the methods 
of power production now in use. I do not mean to say that 
there will be no new or revolutionary methods devcloped in 
the future, but so long as we continue to get our power from 
falling streams and burning coal, we need not expect to see the 
‘same radical improvements in the future as have distinguished 
the past. To illustrate my point more fully, let us consider 
the nature of a water power. Water is evaporated by the 
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action of the sun and is carried miles above the earth into the 
clouds. Here it is precipitated in the form of rain or snow and 
falls on the earth. The streams carry this water back to the 
ocean and it is then ready to repeat the cycle. Our existing 
water powers utilize an almost infinitesimally small part of this 
water over an almost infinitesimally small part of the total 
height to which the sun carried it. Insofar as is concerned 
the water we use over the head through which we use it, we do 
fairly well, but the part of the sun's energy which we thereby 
realize is so infinitesimally small that it puts us to shame. 
Some Westinghouse or Edison of the future will show us how 
to use the sun's energy directly. The point I wish to make is 
that the revolutionary improvementsin power production meth- 
ods of the future must come in a fundamental change of 
method rather than in the continued improvement of existing 
methods. 

So much, then, for the methods of producing power. In the 
matter of utilization of power a few comparisons with the past 
may not be amiss. As indicated early in this address, the mod- 
ern motor has reached a stage, insofar as efficiency is concerned, 
such that little improvement may be expected. We are within 
a comparatively small percentage of perfection in this respect. 
The progress of the future will undoubtedly come from improve- 
ments in methods of application, and in this direction the field 
is inexhaustible. For instance, the problem of applying elec- 
trically the large amounts of powcr which are demanded by our 
modern railroad trains has not yet received a solution which 
is satisfactory to all concerned. That the problem will be 
solved there is no doubt in my mind, but just how, is a question 
that I do not propose to discuss in this address. However, 
this is only one of the many problems that confront the elec- 
trical engineer. The devising of methods for the application 
of electricity to our modern industries constitutes the occupa- 
tion of no small part of our fraternity; as witness the many 
pages in our PROCEEDINGS that have been occupied during the 
past years by the activities of the Industrial Power Committee: 
It is along this line that we may expect much of what the future 
may have to offer us of a revolutionary character. 

In the field of electric lighting there have been developments 
of importance. After the telegraph, in point of time, the electric 
light was the first practical application of electricity. 

Most of our modern development in electrical engineering 
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has taken its initiative from the supply of electric lighting to 
our communitics. In this matter of electric lighting let me 
quote again from Kennelly's 1898 address: He says, “Тһе 
price of a 16-candle power incandescent lamp 16 vears ago was 
about $1.00. Now it is about 18 cents. The best lamps at 
that time, under laboratory conditions, gave about 0.28 mean 
horizontal normal British candle power per watt, and under 
commercial conditions about 0.20. The highest pressure for 
which they could then be obtained was about 110 volts. At 
the present time, lamps are obtainable giving normally 0.4 
mean horizontal British candle power per watt, while under com- 
mercial conditions the average lamp normally develops about 
0.25 candle per watt. They can also be obtained (at 0.25 
candle per watt) for pressures up to 240 volts, and are fre- 
quently installed on 220-volt mains." 

Kennelly therefore records an improvement in 16 years of 
about 50 per cent in cost of lamps to the consumer and about 
50 per cent in efficiency. The introduction of the metal fila- 
ment lamp has enabled us today to record a much greater rate 
of improvement in efficiency than Kennelly did. He reported 
an improvement of about 50 per cent in efficiency in the 16 
years previous to 1898. In the 17 years since Kennelly wrote, 
we have improved our maximum efficiency about 1000 per 
cent, an advance which is truly marvelous. But here is a field 
where we have a long way to go yet without reaching a possible 
limit. It is true that the melting point of the now available 
materials seems to place the limit of lamp efficiency at a point 
not much higher than that which we have at present. How- 
ever, when we come to compare the efficiencies of even our best 
lamps with that attained by the fire-fly 1t is evident that we 
still have a long way to go before we have reached perfection. 

In the matter of power transmission, progress during the 
past few years has been remarkable. In 1898 the record reads :— 
“ The electric transmission of the power of falling water is а 
branch of engineering that has come into service since 1884, 
and is making rapid strides, owing to the recent successful 
employment of high voltages and multiphase alternating cur- 
rents. It has been estimated that about 150,000 kw. of this 
class of machinery is installed on the North American conti- 
nent, commercially transmitting power to various distances up 
to 85 miles, at various pressures up to 40,000 volts." Since 
Kennelly wrote, 17 years ago, the maximum transmission volt- 
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ages have gone up about 33 times; the maximum then was 
40,000 and now is 150,000 volts. The maximum distance of 
transmission has gone up about 31 times, 245 miles as against 
85, and the installed capacity of water power plants on the 
North American continent about 9 times, 1,350,000 instead of 
150,000 kw. Kennelly also mentions in his record that ''in- 
sulation testing sets have been made for producing alternating 
pressures up to 160,000 volts effective." In this respect we 
can go at least 10 times better than he reported, 1,000,000 
volts from transformers having been made available on more 
than one occasion, and in some cases the voltage available 
from transformers has been pushed even higher. This matter 
of power transmission is a branch of our industry wherein the 
progress of the last 17 years since Kennelly made his record 
has advanced with probably greater rapidity than in any other 
branch. I feel very sure that the president of our Institute 
who comes along 17 years hence and compares the then con- 
ditions with my record will not be able to claim any such ad- 
vance as that we now may claim over 1898. This follows be- 
cause we are approaching some fairly well defined limits in 
these matters. For instance, in the question of increasing 
transmission voltages we are close to the corona limit. The 
appearance of corona in the transmission line means the con- 
tinual loss of power and therefore corona cannot be tolerated 
to any appreciable degree. There are, of course, methods of 
increasing the voltage range somewhat before corona is pro- | 
duced, such as increasing conductor diameter, but it can be readily 
seen that the limits of such remedies will be reached long before 
transmission voltages have increased by the same ratio as they 
have in the past 17 years. | 

Another limit that we are approaching in the matter of power 
transmission is the economic one. Transmitted power costs 
more than that generated at the point of delivery on account 
of the cost of and the losses in the transmission line. There 
obviously is a limit to the investment that can be made in 
transmission lines and still be able to supply power with the 
same economy as it can be generated upon the ground. This 
consideration, coupled with the rapid advance in methods of 
generating power from steam, has in my mind placed an 
economic limit to the transmission of water power so that we 
cannot expect any such advances in the future as the past 10 
or 15 years have given us. That there will continue to be 


1502 LINCOLN: PRESIDENT'S ADDRESS [June 29 


improvement and advance, no one can doubt, but its rate will 
certainly be diminished. 

Transmission by high-voltage direct current has received 
some attention of recent years. While there is no question but 
that the problems of pure transmission are much simplified by 
the use of direct current, the accompanying problems of the 
generation and utilization are so much intensified that nothing 
is to be gained in this manner. I would predict no material 
advance for the future in direct-current transmission of power 
unless some means, as yet undeveloped, is found by which its 
generation and utilization are made easier and safer than is 
possible at present. 

And so we might go on indefinitely and draw comparisons 
with past practises. Always we find progress, always also we 
find that the rate of progress is not so high now as it was in 
previous years. This is but the working out of a natural law. 
Electricity is no longer the infant that it was formerly pictured, 
and cannot be expected to continue the rate of growth of the 
infant. It is attaining the vigor and strength of manhood. 
It is contrary to natural law that either a child or an industry 
can have rapidity of growth and at the same time strength 
and stability of character. Unquestionably the rapidity of our 
development is not so great now as it was when Kennelly spoke 
in 1898, and in this respect we are but following a natural law. 
At the same time, our vocation is acquiring a stability and 
permanence that are absolutely incompatible with the rate of 
growth that characterized its earlier years. 
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HOW BELL INVENTED THE TELEPHONE 


BY THOMAS A. WATSON 


T IS my privilege and pleasure to speak to you of the 
invention of the telephone, with which event it was my 
good fortune to be connected, my association with Prof. Bell 
as his mechanical expert having brought me into close touch 
with nearly all his experiments both before and after his great 
discovery. 

I shall try to tell the story as it impressed itself on my mind 
in those early days when I was a young man of about 20, just 
out of my apprenticeship as a maker of electrical apparatus, 
intensely interested in my work, and with a full share of youthful 
enthusiasm. In my story, I shall not use the terms апа for- 
mulas of modern telephony, for they would certainly be out of 
place in speaking of the time when that science, now so com- 
plex, was contained in one human brain. 

It was in the year 1875 that the telephone emerged from 
the mists of the unknown into a world that had no dynamos, 
no electric motors, no trolley cars, no storage batteries, no 
electric lights, no wireless telegraphs, no steam turbines, no 
gas engines, no automobiles, and no professional electrical en- 
gineers, for none of our universities had up to that time offered 
to their students electrical courses. 

Those men we all revere—Davy, Faraday, Henry, Volta, 
Oersted, Ohm, Maxwell, Thomson, and others, had already 
laid the deep and sure foundations on which modern electrical 
practise has been built, but apart from the telegraph, electricity, 
as a practical utility, had scarcely entered the daily life of man. 

In 1874 in place of the great electrical manufacturing es- 
tablishments of the present day, there were a few crude little 
work shops scattered throughout the country, eking out a pre- 
carious existence chiefly by making telegraph instruments: 
school apparatus, call bells, annunciators, etc., and also experi- 
mental apparatus for the many inventors who utilized the 
meagre facilities of those shops to put into practical shape 
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their electrical projects. This was an important feature of the 
electrical activities of that time, for although the work of these 
men was for the most part obscure and unfruitful, they were 
undoubtedly the leaders in the great awakening to the practi- 
cal possibilities of electricity that began about the time of 
which I am to speak, and which has since then produced such 
tremendous results. 

In 1874 I was employed as a mechanician in one of the most 
important of these shops in the United States. It was in 
Boston, owned and operated by Charles Williams, trained as 
an apprentice of that famous electric antique, Daniel Davis. 
Williams, when he was very busy, employed about fifty men, 
but while I was with him his works seldom ran at more than 
fifty per cent of their normal capacity. His tools were almost 
entirely hand lathes. His shop possessed no milling nor screw 
machine nor had it even a metal planer. Practically all his 
work was done on hand lathes or with the vise and file. He 
had one 16-inch engine lathe, to operate which was the highest 
earthly aspiration of his apprentices. It wasn’t in good con- 
dition, for one of the boys had run a boring tool into the hole 
in the spindle so the live center wiggled badly, but we managed 
to do some rather difficult and accurate work on it in spite of 
its defects. 

Into Williams’s dismal and poorly equipped shop Alexander 
Graham Bell came, іп the year 1874, to get his "harmonic tele- 
graph' invention put into practical shape. J. B. Stearns had 
just then perfected the “ duplex telegraph " which would send 
two messages simultaneously over a single wire. Prof. Bell 
was sure his invention would send at least six or eight. My 
work at Williams’s at that time had become largely making 
experimental apparatus for inventors and I am glad to say 
that Prof. Bell’s work was assigned to me. 

Prof. Bell was very enthusiastic over the possibilities of his 
telegraph on which he had been studying ever since his arrival 
in the United States in 1872. Its operation depended, as you 
know, on the fact that a stretched string or a tuned reed will 
be set into vibration when impelled by a succession of impulses 
corresponding in number per second to its pitch. Here is one 
of Bell’s telegraph receivers. It 1s a simple electromagnet 
with a strip of stecl clamped to one of its poles, having the 
other end of the strip free to vibrate over the other pole. The 
transmitter had the same parts with the addition of contact 
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points that kept its steel reed vibrating when the current was 
connected and, making and breaking the main circuit at each 
swing, sent an intermittent current pulsing into the line and 
through the distant receivers. Each receiver reed was expected 
to respond to impulses of its own pitch and to ignore those of 
any other pitch. 

I made for Prof. Bell six or eight of these transmitters with 
their reeds tuned to different pitches and the same number of 
receivers with their reeds tuned tocorrespond. Their test, 
however, gave results sadly out of accord with his expectations 
and a long series of experiments followed with rather unsatis- 
factory results. 

The saying so frequently offered for our consolation: that 
we profit more from our adversities than we do from our suc- 
cesses, was certainly applicable to Prof. Bell’s case at this time, 
for had the rhythmic intermittent current that actuated his 
telegraph accomplished the result he expected and brought 
him fame and fortune, he might not have been impelled to 
seek a better form of an electric vibration and so might have 
missed the discovery that has since placed his name among 
the immortals. 

Prof. Bell’s experiments with the apparatus I made for him 
soon revealed the serious defects of the intermittent current 
wave. He was able to transmit with it two or three messages, 
each on a different pitch, with a reasonable degree of certainty, 
but when a greater number was attempted, the added series 
of impulses seemed to fill the gaps in the other series and pro- 
duce practically a continuous current, causing serious inter- 
ference between the messages. The need of a better form of 
an electric wave was apparent; making and breaking the cir- 
cuit so many times a second seemed but the first step in the 
development of his idea. The fact is, Bell had had for a year 
or more a clear conception of the sort of current he needed, one 
undulating in waves which would be the exact equivalent of 
sound vibrations, although he had as yet devised no satis- 
factory means of producing such a current. An electric cur- 
rent undulating in true wave form would not, he believed, 
smooth out into a continuous current when several series of 
impulses were superposed but would keep its wave form through 
all the complexities that might be impressed upon it. Many 
sounds can traverse the same air without confusion, so, he 
thought, such a system of electric waves having the mathe- 
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matical form of sound waves in the air, might trdnsmit an 
indefinite number of pitch series on a single wire, to be selected 
and resolved into separate messages bv-his tuned receivers. 

Bell also foresaw that the apparatus which could generate 
and transmit such true electric waves might also solve another 
great problem he had been dreaming about. 

One must imagine a world in which the telephone was abso- 
lutely unknown to appreciate my feelings when one evening 
during the course of some experiments on his telegraph appara- 
tus, Bell told me he had an idea by which he believed it would 
soon be possible to talk by telegraph. He put his conception 
into the words of his famous formula which I then heard for 
the first time: “И,” he said, “І could make а current of 
electricity vary in its intensity, precisely as the air varies in 
density during the production of a sound, I should be able to 
transmit speech telegraphically." Some practical mechanism 
to produce such a current was the goal to be striven for, he as- 
serted. He then described to me what he called kis * harp 
telephone," a complex affair having an elongated electromagnet 
with a multiplicity of stecl recds tuned to many pitches and 
arranged to vibrate in proximity to its poles; as if the magnets 
of a hundred of these receivers were fused together side by 
side. These reeds might be considered as analagous to thc 
rods in the harp of Corti in the human ear. It was Bell's first 
conception of a speaking tclephone. His idea was that a 
sound uttered near the reeds would cause to vibrate those recds 
corresponding to both the fundamental tone and to the over- 
tones of that sound. Each reed would generate іп the magnet 
an electric wave all of which would combine into a resultant 
complex wave. This passing through a similar instrument. at 
a distant station would, he imagined, sct the same reeds into 
motion and so reproduce the original sound. He had even 
considered the possibility of using a single reed actuated by a 
parchment diaphragm over an ordinary electromagnet. He 
had not had either of his conceptions constructed for he was 
sure that clectric waves generated in this way would be too 
feeble, to be of the least practical value. His harp telephone, 
however, was a favorite idea with him and he often spoke of 
it to me. It was never constructed probably on account of 
the expense, but with this clear conception in his mind, of the 
possibilities of a truc electric wave, struggling for practical ex- 
pression, Bell continued his work on his harmonic telegraph 
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trying to attain a result clearly impossible with a transmitter 
that merely made and broke the circuit. 

I am afraid that my attitude towards Bell’s telegraph, after 
several months’ work on it, had become one of disgust with its 
perversities, and hopelessness as to its future. Its operation 
was so uncertain and baffling that I remember that even Prof. 
Bell himself began to lose his enthusiasm. His confidence in 
the intermittent current was vanishing and means for generat- 
ing his better waves had not arrived. But, “ when half gods 
go, the gods arrive," and this time of depression and disap- 
pointment was the right preparation for the new development 
that was close at hand. | 

In the attic of the building 109 Court street, Boston, where 
Williams’s shop was, two rooms had bcen partitioned off and 
used by Williams for the manufacture of tin foil condensers. 
These rooms Bell used as his laboratory at that time. Those 
rough attic rooms, freezing in winter and unbearably hot in 
summer, had witnessed many discouraging experiments with 
the harmonic telegraph with a few slight successes, but on the 
afternoon of June 2d, 1875, something came to light there that 
certainly was a recompense for all previous troubles. A slight 
derangement in the telegraph apparatus gave an opportunity 
for the great idea that had been incubating in Bell’s mind so 
long to break through its shell. 

On that afternoon Bell was in one of the rooms tuning the 
receivers, an operation they constantly needed. He had a 
novel way of doing this that he had originated and which had 
become a habit with him. When he was trying to bring the 
pitch of a receiver reed into accord with that of its transmitter, 
he would press that receiver reed against his ear. He could 
then hear the nasal drone of the intermittent current coming 
from the transmitter in the other room and by changing the 
length of the receiver reed he could adjust its pitch to ‘соггез- 
pond with that tone. It is interesting to note that when one 
of hts harmonic receivers is used in this way, it becomes a close 
analogue of a modern telephone receiver, as the edges of the 
ear clamp the free end of the spring and so damp its natural 
rate of vibration and cause it to vibrate as a diaphragm. 

On the afternoon of June 2d, 1875, Bell was doing this with 
one of the receivers and at that very moment I happened to 
snap the steel reed of another instrument in the, other room 
connected into the same circuit, which for some reason was 
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not vibrating as it should, and needed that physical stimulus 
to start it. It did not start at once so I gave it several vigorous 
plucks, undoubtedly expressing my opinion of the thing in vivid 
shop language, when I heard a commotion in the next room 
and out Bell came in great excitement to see what I had been 
doing, telling me that he had heard in the receiver at his ear the 
unmistakable timbre of the sound of one of the reeds. His 
excitement came from his realization that he had heard the 
first real sound that had ever been transmitted electrically. 
It needed but a slight examination of the apparatus to reveal 
the fact that the steel reed I had snapped, magnetized by its 
long use in connection with magnets, was functioning as a 
magneto-electric generator and by its vibration had generated 
in its magnet an electric current that was moulded into un- 
dulations exactly analogous to the sound waves of the plucked 
reed. That such slight means could generate a current not 
only strong enough to be heard in the receiver but actually 
to set into visible vibration the reed of another receiver in the 
same circuit in Bell's room, was a revelation to him. He saw 
at once that he had been wrong in thinking that the vibration 
of a steel reed could not produce electric waves of any practical 
value and that here was the solution, not only of his harmonic 
telegraph but also of his speaking telephone. He realized im- 
mediately that the apparatus that could generate, transmit and 
receive so efficiently one sound with its fundamental tone and 
with its overtones could undoubtedly be made to do the same 
for any sound, even speech itself. The gods had arrived, 
bringing new enthusiasm and hope; even my gloom was dis- 
pelled. We spent the rest of the day repeating the experiment 
by snapping many different sizes and shapes of stecl springs 
and tuning forks over magnets with the same surprising result 
and before we parted that night Bell gave me directions for 
constructing the first speaking telephone. He knew that the 
diaphragm of the Scott phonautograph when impelled by the 
vibrations of sound would impress them on the recording style 
attached to it; why then would not such a diaphragm actuated 
by the voice, force the steel reed of one of his receivers to follow 
the vocal vibrations and cause it to generate electric waves 
with the form of speech waves? Following this thought to its 
conclusion, Bell sketched out the first speaking telephone the 
world has ever seen and gave me directions for its construction. 
I was to mount one of the harmonic receivers in a wooden 
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frame, attach the free end of its spring to the center of a tightly 
stretched parchment drum head, also mounted in the frame- 
work, and provide a mouthpiece to concentrate the voice on 
the other side of the drum head. . 

I did this the next day. Here is a replica of it. All that is 
left of the original is now in the National Museum at Wash- 
ington. My recollection is that I had this first telephone 
ready for testing the next day, June 3d. It had many defects. 
The diaphragm was delicate and easily torn and as it absorbed 
the moisture of the breath required constant tightening, but 
it transmitted to my ear over a wire about 200 feet long, run- 
ning from the fifth story of Williams’s building to my work bench 
on, the third story, the unmistakable timbre of Prof. Bell's 
voice in a few imperfect words, using for listening one of the 
harmonic telegraph receivers through which Bell had made the 
discovery. It was a meagre result and a bitter disappointment, 
for I, at least, and, I fancy, Prof. Bell too, had anticipated a 
much greater conversational fluency even in that first telephone. 

I have noticed that one’s mental attitude towards a phe- 
nomenon changes as the novelty wears off. The new effect does 
not seem so wonderful after a few repetitions. This is perhaps 
the reason why my memory tells me that during the months 
immediately following the discovery that magneto-electric waves 
generated by a vibrating steel reed were strong enough for prac- 
tical use, the telephone seemed to grow poorer in its operation 
instead of better. Bell carried on many experiments for which 
I made the apparatus, with the purpose of increasing the strength 
of the new wave not only for its use in his telegraph but also 
“іп his telephone. He felt that any improvement applicable to 
one invention would also help the other. His work for some 
months was devoted to the telegraph as well as to the telephone, 
for his friends and financial backers were all strongly of the 
opinion that it was much wiser for him to devote himself to 
a real practical thing like the telegraph rather than to such a 
chimera as the telephone. 

Progress was over the same desert road with a few green 
spots that inventions seem prone to travel on and it was not 
until March 10th, 1876, nearly ten months after its birthday 
that the telephone transmitted its first complete sentence. 
Though not so noble as the first sentence that Morse telegraphed 
from Washington to Baltimore a few decades before, “ What 
hath God wrought," still the telephone’s first sentence had a 
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certain homely practicality about it that clearly takes it out 
of the category of the frivolous. It was, “ Watson, come 
here, I want you," uttered by Bell from his laboratory to his 
bed room in the boarding house, number 5, Exeter Place, 
Boston. I am sure that I went at once. Commonplace as 
it was, the sentence seemed (о break.the spell and the tele- 
phone progressed after that by leaps and bounds. 

I have here the wire over which that first sentence was sent. 
With a forethought that quite surprises me today, I took 
down this wire when the laboratory was vacated in 1877, in- 
scribed it and put it into a safe where it remained until a year 
or two ago when I presented it to the American Telephone 
and Telegraph Co. for its museum. The inscription, which 
I wrote when I first took it down, is as follows: ‘‘This wire соп- 
nected room 13 with room 15 at number 5 Exeter Place, Boston, . 
and is the wire that was used in all the experiments by which 
the telephone was developed from the fall of 1875 to the sum- 
mer of 1877, at which time the telephone had been perfected 
for practical use. Taken down June 8th, 1877, by Thomas 
A. Watson." | 

This was the year of the Centennial Exposition at Philadelphia 
and Bell decided to make an exhibit there of his inventions. 
He had me make for him some nicely finished telephones of 
the best forms that he had devised, including his first battery 
transmitter. 

In June, 1876, Sir William Thomson, chairman of the com- 
mittee on the electrical exhibits, with members of his com- 
mittee, examined and tested Bell’s apparatus. We have a 
valuable record of the impression the telephone made upon 
his mind in his opening address to the British Association, 
September 14th, 1876, wherein he said: 


I heard, “ To be or not to be * * % * there's the rub," 
through an electric telegraph wire; but, scorning, monosyllables, 
the electric articulation rose to higher flights, and gave me messa- 
ges taken at random from the New York newspapers—“ S.S. 
Cox has arrived” (I failed to make out the S. S. Cox) “Тһе 
City of New York," “Senator Morton," “ The Senate has re- 
solved to print a thousand extra copies;" “ The Americans in 
London have resolved to celebrate the coming 4th of July." 
All this my own ears heard, spoken to me with unmistakable 
distinctness by the thin circular disk armature of just such 
another little electromagnet as this which I hold in my hand. 
The words were shouted with a clear and loud voice by my 
colleague judge, Professor Watson, at the far end of the tele- 
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graph wire, holding his mouth close to a stretched membrane, 
such as you see before you here, carrying a little piece of soft 
iron, which was thus made to perform in the neighborhood of 
an electromagnet in circuit with the line, motions proportional 
to the sonorific motions of the air. This, the greatest by far 
of all the marvels of the electric telegraph, is due to a young 
countryman of our own, Mr. Graham Bell, of Edinburgh, 
Montreal, and Boston, now becoming a naturalized citizen of 
the United States. Who can but admire the hardihood of 
invention which devised such very slight means to realize the 
mathematical conception that, if electricity is to convey all 
the delicacies of quality which distinguish articulate speech, 
the strength of its current must vary continuously and as nearly 
as may be in simple proportion to the velocity of a particle of 
air engaged in constituting the sound? 

Up to the summer of 1876 all the tests of the telephone had 
been made on indoor wires but soon after this convincing trial 
at Philadelphia, it became evident to Prof. Bell that his in- 
vention was ready for higher flights. Some preliminary tests 
on a real line in Brandford, Canada, in which the transmission 
was all in one direction, the return communication being by 
telegraph, were followed by a complete test of the telephone's 
practicability as a transmitter of intelligence between distant 
points under outdoor conditions. On October 9th, 1876, Bell 
and I carried on a long conversation over a real telegraph wire 
about two miles long running from Boston to Cambridge, Mass. 
Bell was at the Boston end, I, at Cambridge. The telephones 
we used were those that Bell had exhibited at Philadelphia 
and were probably the identical instruments with which Sir 
William Thomson made his famous tests. In order to prove 
to a doubting world that the telephone could be accurate in 
its transmission, we made a record of that first conversation 
ever carried on over a real line and so it has been preserved. 
At the beginning of the test we were not able to make our voices 
audible to each other. The cause seemed to be the high re- 
sistance of a telegraph relay that I discovered in the circuit 
in another room in the Cambridge factory, for, after I cut that 
out, we were.able to talk with the greatest ease, as the open- 
ing sentences of our recorded conversation indicate, which were: 

"Bell: What do you think was the matter with the instruments? 

‘Watson: There was nothing the matter with them. 

Bell: I think we were both speaking at the same time. 

Watson: Can you understand anything I say? 

Bell: Yes, I understand everything you say. 
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Watson: The reason why you did not hear at first was be- 
cause there was a relay in the circuit. 

Bell: You may be right, but I found the magnet of my tele- 
phone touching the membrane. 

Watson: I cut this relay out, and then the sounds came 
perfectly. 
: Bell: I hear every syllable. Try something in an ordinary 
conversational voice. 

Watson: I am now talking 1n quite a low tone of voice. 

Bell: The sounds are quite as loud as before and twice as 
distinct’’— 
and so on for more than a hour. This record which was pub- 
lished in the Boston Advertiser of the next day shows а surpris- 
ing accuracy when the crudeness of those early telephones is 
taken into consideration. | 

I need go no further in my account of those days of struggle. 
The successful working out of the telephone, as in the case 
with all inventions, was a matter of endlessly considered detail. 
It was patient, plodding work with a few hours of intense ex- 
citement. Other tests were made later in 1876 on still longer 
lines, and in April, 1877, the first telephone line was constructed, 
4 miles long, and the telephone installed thereon, beginning its 
competition with the telegraph as a practical business proposition. 

Since then, what tremendous things have been done by the 
telephone engineers on whom the responsibility has fallen, of 
continuing the work so splendidly inaugurated by Dr. Bell. 
The work of these men during the 38 years that has elapsed 
since Dr. Bell’s experiments on the telephone has been cease- 
less, energetic, untiring, wise, and accurate in the highest de- 
gree. Telephone enyineers have overcome one by one the 
multitude of obstacles that stood in the way of that high ideal— 
universal service, until today we applaud the latest achieve- 
ment, under the able leadership of your incoming President— 
transcontinental telephony, the marvel of which has impressed 
itself deeply upon my mind all the more because Dr. Bell and 
I had the honor of formally opening the New York-San Francisco 
telephone line on January 25th of this year, as we opened the 
first telephone line, 2 miles long, between Boston and Cam- 
bridge, 39 years before. We talked over this line 3400 miles 
long (really 4400 mules, for its terminus was, during the most 
of the time, in Jekyl Island, Georgia) more clearly than we 
talked from Boston to Cambridge 39 years before. Amazing 
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as this was, a climax of the wonders I had been participating in 
was reached when Dr. Bell switched in another telephone and 
said to me through it: “ Mr. Watson, I am now talking through 
an exact duplicate of the first telephone made in 1875. Can 
you hear те?” I heard him perfectly, and when I explained 
to the audience at my end of the line just what was happening 
and repeated Dr. Bell's words, I was not surprised to see tears 
in the eves of several of those hard-headed business men of 
California, for I myself was thrilled through and through with 
the thought of the immensity of the work that had been done 
since I made that first telephone for Prof. Bell and with my 
realization that this transcontinental line, stupendous achieve- 
ment as it is, was merely a big incident in the life of the men 
whose brains have built up an organization almost incompre- 
hensible in its size and scope, with its nine million telephone 
stations, making twenty-eight million telephone conversations 
each day over twenty million miles of telephone wires—that 
stupendous organization we call the ‘ Bell system." 

Even these figures are but part of the whole, for there are 
now in the world more than 14 million telephone stations, mak- 
ing 42 million conversations daily over 33 million miles of wire. 
We can but wonder at such a fructification in four decades of 
that virile conception of the man we today honor ourselves 
by honoring—Alexander Graham Bell. 
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STANDARD MARINE ELECTRICAL INSTALLATIONS 


BY H. A. HORNOR 


ABSTRACT OF PAPER 

The requirements of merchant and naval installations are 
cited in brief. The rules of the classification societies are 
reviewed and present practise is fully discussed. Then follows 
the specific applications to a number of different types of ships 
including both merchant and naval vessels. The reasons for 
the application of electric propulsion to a battleship are bricfly 
given. 


HE ESTABLISHMENT by the Institute of a Committec 
on the ‘ Use of Electricity in Marine Work " has been 
fully justified in that already a number of papers on specific 
equipments such as, Electric Steering Gear, Gyroscopic Com- 
pass, Electric Heating, Searchlights, Electric Propulsion, etc., 
have been presented, discussed and recorded. There is here 
a two-fold value the segregation for reference and research by 
those concerned in this work, and the increased value to the 
Institute as its part in the development of what presages to 
be one of the important applications of electricity. This Com- 
mittee having collected data on all the important points con- 
nected with marine electrical installations from as many dif- 
ferent sources as possible desires to present a monograph re- 
cording ‘the best practise at this time in this country. 

The rules and requirement for merchant vessels will be first 
treated; next will follow the general considerations for govern- 
ment vessels; and then a brief consideration of the applica- 
tions to a number of different types of vessels. 


GENERAL REQUIREMENTS FOR MERCHANT PRACTISE 


Merchant vessels are usually constructed in accordance with 
the requirements of some classification society which establishes 
also the rules for the electrical equipment. In this country 
most of the vessels are built to the requirements of either the 
American Bureau of Shipping or Lloyd's Register of British 
and Foreign Shipping. Other classification societies are Bureau 
Veritas (French), Germanischer Lloyd (German), British Cor- 
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poration (English), and Great Lakes Register ( U. 5. А) 
Besides the rules of these underwriting societies the electrical 
installation must conform to the rules of the Steamboat In- 
spection Service, under the cognizance of the Department of 
Commerce, in certain cases to the rules of the National Board 
of Fire Underwriters, and also to certain specifications issued 
by the owners of the vessels. The rules of the socicties above 
mentioned and those of the government are general in character 
and apply to all classes of vessels. The requirements of the 
owners arc usually specific and serve to standardize for them 
the various equipments so as to reduce upkeep and maintain 
a similarity of spare parts. It frequently happens that the 

owner specializes in a certain trade and his vessels are therefore 
built and equipped for this definite purpose. 

The requirements of the American Bureau of Shipping for 
the electric plant are briefly as follows: The voltage shall be 
about 125 volts preferably direct current. If alternating cur- 
rents are üsed there must be an increase of 50 per cent in the 
insulation resistance of the wires. Gencrators must be insulated 
by mounting them on dry wood or other equivalent insulation. 
The same requirement applies to motors. Мо single wire 
larger than No. 12 A. W. G. is allowed, and no single solid 
wire smaller than No. 14 A. W. G. except in fixture wiring. 
Both conduit and wooden moulding for the protection of the 
conductors are allowed but conduit is preferred through- 
out. A heavier insulating covering is required for conduc- 
tors led through unlined conduits. Slate or marble switch 
boards are required, equipped with necessary instruments, 
cut-outs, knife switches, etc. When the wires are carried 
through the steel structure they must be led through metallic 
conduits or protected by hard rubber or equivalent bush- 
ing. Twin wire is not permitted in conduit if the circuit passes 
through the fire rooms or other hot places їп the ship. Stuffing 
tubes are required wherever the conduit passes through a deck 
or water-tight bulkhead. All joints and splices are protected 
by water-tight junction boxes. Cut-outs, as much as possible, 
to be limited to centers of distribution but are allowed on mains 
if properly protected by a water-tight box. No circuit requir- 
ing more than six amperes must be dependent upon one cut- 
out. Where exposed to moisture, lamps must be provided 
with а vapor-proof globe, and for mechanical protection, a guard. 
Although portable desk lamps are permitted, lights must not 
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be suspended with flexible conductors. Signal lights must be 
on a separate circuit and controlled in the pilot-house from 
a tell-tale board which indicates a defect in the lamp or circuit. 
_ All leads to seachlights must run directly from the switchboard 
to а switch near the searchlight. Arc lamps are permitted but 
must be protected by cut-out and switch and from mechanical 
injury. To prevent the effect of electric currents on the ad- 
justment of the magnetic compasses both polarities must be 
carried in the circuit. 

The American Bureau of Shipping make the following special 
requirements for oil tank vessels: Electric lighting only to be 
used. Single-wire svstem not permitted. Special designs 
of fixtures and appliances must be made if permanent lights are 
used in any spaces subject to vapor or gas. If wires are run 
in such spaces their insulation must be unaffected by oil or oil 
fumes. Generating sets in duplicate are required and all wires 
must be encased in conduit. 

The rules of Llovd's Register differ shyhtly from the American 
Bureau and only the important differences will be noted. No 
preference is stated as to kind of current or the amount of volt- 
age. ''Double pole" fuses are not permitted when the volt- 
age exceeds 125 volts. Permission is granted in addition to 
the use of wooden mouldings, and conduit, for the employment 
of steel-armored conductors secured by screwed clips. Cables 
exposed to the weather or moisture must be lead-covered as 
well as steel-armored. As in the use of conduit, stuffing tubes 
must be provided at water-tight bulkheads and decks. The 
switches on main switchboard must be of the quick-break de- 
sign. The signal lights must be controlled from a point acces- 
sible to the officer of the watch but a tell-tale indicator is not 
required. Special rules are given covering the single-wire 
system but American practise is entirely committed to the two- 
wire system. Single-wire system is not permitted on oil tank 
vessels. All wires in spaces subject to petroleum vapor or gas 
to be lead-covered or the insulation to be unaffected by petro- 
leum. No joint, switches, or fuses, are allowed to be located 
in the pump rooms of oil tank vessels. Wires to lamps to be 
carried to the pump room from distribution junction box placed 
outside. Compasses should be adjusted with and without the 
generators running. 

It is to be noted that the classification societies make no 
rules governing the installation of interior or exterior signal- 
ling systems. 
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The rules of the Steamboat Inspection Service do not relate 
to the intimate points of installation or equipment but rather 
to the provision of appliances for protection to the vessel, her 
passengers, cargo, and crew. Vessels using a gong signal must 
have a tube returning to the pilot-house so that the signal 
when given in the engine room may be heard at the same in- 
stant in the pilot-house. This is usually an additional pre- · 
caution on large vessels in case of derangement of the mechanical 
or electrical telegraph which must be arranged to repeat the 
signals between the pilot-house and the engine room. “Оп all 
steamers where the distance is more than 150 feet between 
perpendiculars of pilot-house and forward part of the engine | 
room ” a telephone must be installed in lieu of a speaking tube. 
Vessels which do not keep watchmen on guard day and night 
in the sleeping accommodations must equip such quarters with 
alarm bells which can be energized at will from the bridge or 
pilot-house. No lights are allowed on the outside of the struc- 
ture of the cabins or hull that will interfere with distinguishing 
the regulation signal lights. ^ Passenger-carrying steamers 
lighted by electricity, and whose dynamos are located below 
the deep-load line, must carry an auxiliary lighting system above 
the deep-load line. This auxiliary lighting system must be 
sufficient to allow the passengers and crew to readily find their 
way to the exist. On account of this latter provision vessels 
are permitted to carry gasoline to the amount necessary to 
provide for such auxiliary lighting and wireless system. These 
regulations further provide for the type and location of the 
signal lights—port, starboard, masthead, range, and stern— 
and such lights that should be displayed when the vessel 1$ at 
anchor, aground, etc. A prolonged fog-whistle must be blown 
.at intervals of every two minutes by a vessel under way and two 
prolonged blasts every two minutes when not under way. When 
towing another vessel, or being towed, a prolonged blast fol- 
lowed by two short blasts must be sounded. 

Voice tube must be installed between pilot-house and wirc- 
less station. 

The rules of the National Board of Fire Underwriters are 
now in the process of revision for which purpose many con- 
ferences were held with the Marine Committee of the Institute. 
There are a few vessels which ply inland waters that come under 
the jurisdiction of the Fire Underwriters, as will be noted later, 
and it 1s but natural that their rules will coincide with those 
of the classification societies and established marine practise. 
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From the foregoing it will be seen that the owner, for general 
methods of installation, needs only to state that the electrical 
installation must conform to the rules of the classification 
society. The owner then specifies what the requirements of 
his service are, namely, the number and size of the generating 
sets, the number of searchlights, incandescent lamps, motors, 
etc. etc. Special signaling devices other than those required 
by law are often necessary for the convenience of the officers, 
passengers, and crew. The owners specifications are a guide 
for estimating the cost and accomplishing a formal contract. 


MERCHANT MARINE PRACTISE 
In general, the commercial installations in this country com- 
bine wooden mouldings and iron conduit. The manufacture of 
steel-armored lead-covered wires was started in this country 
about four or five years ago and was recently adopted by the 
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Navy. It is usual to find that one practise influences the other, 
so that now the use of steel-armored conductors in merchant 
practise is increasing. 

For vessels designed with the propelling machinery aft, re- 
quiring long leads to the amidships and forward compartments, 
it is necessary to provide a sliding connection for the conduit 
and a loop box for pulling in the wire. This is necessitated by 
the expansion and contraction or working of thestructural 
parts of the vessel. Two designs of such appliances are shown 
in the illustrations. Oil tankers are so arranged that the elec- 
tric leads must be carried under the walking bridge which con- 
nects the bridge house just forward of amidships and the after 
house; and slip joints are requisite in this type of conduit in- 
stallation. | 

Except for very close work all conduits are bent cold, and 
with the exception of the termination of a lead, elbows are not 
permitted. The restriction of fittings of all kinds is deemed 
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advisable. For the purpose of overhauling and to facilitate 
the safe installation of the cables it is necessary to use, especially 
at bends, couplings, but these must not be right and left threaded. 
All conduit connections should be made up with white or red 
lead used generously to aid inspection. 

It is recommended that splicing of wires larger than No. 12 
В. & 5. be not permitted and it is further suggested that even 
such small joints be made with a soldered sleeve. On the other 
hand care must be exercised in the use of mechanical joints 
as the working of the vessel may cause the connection to loosen 
allowing ''grounds," “ орепв,” or “ short cireuits." This is 
not merely a matter of design and material but one of good 
workmanship and careful inspection. 

The distribution of energy as above noted 1s made on a two- 
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wire metallic system. Copper of the highest conductivity is 
used for all wires and the insulation is equal to and often greater 
than the requirements of the classification society. The opinion 
has been expressed that it may be preferable to reduce the re- 
quired thickness of insulation and make the material of better 
quality. The well-advised owner in preparing his specifications 
should see to it that the tvpe of manufacture be clearly stated. 
Feeders are led from the main switchboard to centers of dis- 
tribution, and from thence branch leads, not carrying, except 
in special cases, more than 660 watts. When conditions of the 
ship’s structure or arrangement will not facilitate this method 
of distribution, the feeders are broken bv special feeder boxes 
of water-tight construction, mains taken off and branches in 
turn taken directly from the mains. Гог the lighting system 
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an allowable voltage drop of 3 per cent from the main switch- 
board to the farthest light, and for power 5 to 8 per cent, is 
considered good practise. A potential of 110 volts is generally 
adopted in accordance with the standard incandescent lamp. 
Due to the disagreeable effect and confusion to passengers it 
has been suggested that every compartment for passenger 
accommodation should be supplied with hght from more than one 
main feeder. This would not apply on a freight steamer as 
the crew are not so affected. Putting aside the use of fixture 
wire, and using No. 14 B. & S. wire for branch circuits, the 
permissible watts should be based on the voltage of the system 
times the carrying capacity of the wire. In this case as No. 14 
wire carries safely 12 amperes the permissible watts on 110 
volts would be 1500. 

Generating sets are designed so that the prime mover and 
generator are direct-connected and mounted on a common bed- 
plate. As will be noticed subsequently in small vessels and 
freight steamers where the sets are of small capacity—say 
from 2 kw. to 20 kw.—the prime mover is a reciprocating 
engine. This unit possesses distinct advantages of operation 
from the practical side, as such ships cannot carry an engineer 
expressly for the care of the generating plant. Тһе chief en- 
gineer of such vessels must be well skilled as regards recipro- 
cating engines as these are his means of propulsion, but the 
generating sets must operate with great relabilty to satisfy 
this service. The manufacturers today have designed sets 
with forced lubrication and a combination of both forced lu- 
brication and gravity feed so that these sets function ordinarily 
without much attention. "There are three points of importance 
from a mechanical standpoint regarding generating sets, namely, 
ample reinforcement of the ship structure to form a founda- 
tion for the set. Тһе builders’ designers do not all agree as 
to the proper foundation and in some cases the generators are 
bolted directly to the deck or platform, in other cases a wooden 
base is provided on top of the deck and again still others believe 
in building up a steel structural foundation on top of the deck 
and not bolting down the set until the vessel is nearly com- 
pleted. Next, these sets must be able to operate either con- 
densing or non-condensing with approximately 8 to 10 pounds 
back pressure. They must exhaust either into the feed water 
heater, or the main or auxiliary condenser, or to the atmos- 
phere. It is probable, because they are usually exhausted into 
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the feed water heater for steam economy, that greater stress 
is not laid upon the efficiency of the prime mover. The third 
point is that for installation on shipboard the steam connec- 
tions must be flanged so as to reduce the number of joints in 
the pipings and because of the vibration set up in the vessel 
when the main engines are working. 

Small direct-connected turbine generating sets have been 
employed on shipboard and in certain installations have given 
satisfaction but opinion among owners differs as to the ad- 
‘vantages of the turbine over the reciprocating engine. Many 
marine engineers object to the high rotative speeds for direct- 
current generators and the lack of economy unless a high vacuum 
can be provided. On the other hand some engineers prefer 
the turbine drive because of the reduction of upkeep and ease 
of operation. 

The use of reduction gears between the turbine and generator 
is now being suggested. In this set the water rate will doubt- 
less be greatly reduced, approximately 10 per cent, and the 
speed of the generator can be brought down to reasonable 
limits with high speed on turbine. Although such sets have 
been installed no service data are available for comparison or 
comment. These sets, however, have shown as expected a 
great reduction in weight and water rate. 

The generator is usually compound-wound and in the larger 
sizes provided with commutating poles. Special precautions 
are taken so that oil cannot creep along the armature shaft 
and that the non-corrosive parts are furnished. A hand rail 
or guard is mounted around the generator set, in order that no 
one may be thrown against the set when the vessel is pitching 
or rolling. 

The material for switchboards has up to the present time 
been slate and in rare cases marble, but as will be seen later, 
naval practise has turned to a special composition. This may 
shortly change the merchant practise. Ordinarily the circuits 
are arranged for the parallel operation of the generator, if there 
be more than one. Certain owners prefer separate operation, 
however, and then double bus-bars are provided with throw 
over switches. Marine switchboards must be built as com- 
pactly as possible, so that they may be mounted near a bulkhead 
As was noted above, Lloyds’ rules require quick-break switches 
even on 110 volt systems, and it is recommended that two springs 
be required for each blade. Тһе bus-bars though mounted on 
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insulation are bare copper strips and opinions do not concur as 
to the advisability of insulating the entire bus-bar. The usual 
instruments are mounted on the face of the board and inclosed 
cartridge fuses are installed on both sides of the circuit. Al- 
though it is a matter of expense, on switchboards handling 200 
amperes or over from the main leads of the generating set, double 
arm circuit-breakers are provided instead of fused lever knife 
switches. The refillable fuse of proper design is now being 
introduced but proper precaution must be observed to prevent 
unauthorized metals replacing the original. 

On vessels of 4000 tons burden or over, the searchlight should 
not be less than 18 inches in diameter. The searchlight feeder 
is run direct from the main switchboard to a fused knife 
switch located usually in the pilot house near the controller of 
the searchlight. A variable external resistance is placed in 
series with the arc for proper adjustment. This is a steadying 
resistance as the arc burns better when the constant potential 
circuit is as high as 80 volts or higher. Opinions differ as to 
the location of this resistance as much heat must be dissipated 
in order to make this reduction of voltage with relatively high 
current. In some cases the resistance is located near the switch- 
board and in others it is preferred near the searchlight in the 
pilot-house. Up to the present time the lamp mechanism 
has been that of magnets operating through a ratchet on a 
screw, permitting both hand and automatic operation; but the 
naval projector lamp is now operated by a small motor and it 
may be assumed that such will shortly come into merchant 
practise. For adjusting the arc voltage arrangements are pro- 
vided on the main switchboard. To insure against inductive 
disturbances from the wireless telegraph, the exposed leads of 
the searchlight must be carefully encased in an iron shield or 
` wrapped with iron wire. This protective covering must be 
well grounded to the hull of the vessel. 

The use of iron branch junction boxes and iron steam-tight 
globe fixtures meets with general approval, and the use of 
brass or bronze is looked upon as a refinement and expense. 
One opinion in this matter is interesting “1% discourages theft, 
a source of great annoyance to ship owners from stewards, 
stevedores, etc." It is the consensus of opinion that the guard 
on steam-tight fixtures is 1n most cases unnecessary and super- 
fluous. Incargo spaces, especially on coastwise vessels shipping 
package freight, the fixtures are protected by steel strips placed 
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from beam to beam. There seems no reason why cheaper 
metals should not be used in the ornamental fixtures. The use 
of the heavier metals or alloys is a matter of taste and expense. 
Foreign passenger vessels have for sometime been using ma- 
jolica or beleek fixtures which add to cleanliness, are substantial, 
are more readily insulated and do not require refinishing. 
Two passenger vessels recently built in this country for the 
Great Northern Pacific 5.5. Co. were so equipped. Тһе small 
lighting unit unshielded is generally employed although the 
large unit lends itself for the general lighting of large cargo spaces, 
and the machinery spaces. The employment of indirect or 
semi-indirect units is very small. This is attributed to the low 
deck height and the usual exposure of the deck beams. ІЁ is 
also thought that enough attention has not been paid to the 
proper illumination of passenger accommodations, because of 
the general feeling of ship owners that the passengers prefer 
to spend their time mostly on deck. "The large advance in 
better lighting seen on some of the latest ocean liners does not 
confirm this opinion for a service where the passengers may be 
better cared for inside the vessel during rough voyages. Tung- 
sten filament incandescent lamps are largely used outside of 
the machinery spaces. In these spaces the vibration is such 
as to require the carbon filament lamp.* Units of 250- 
watt tungsten, with proper reflector, have now superseded 
the arc lamp for the general lighting of the machinery spaces. 
Cargo reflectors containing four small lamps are still used as 
portable units for lighting such spaces, as well as for gangway 
lighting. The tendency is toward great lightness for hand 
portable units, and a reduction in the number required to be 
water-tight. The water-tight fixtures add so much weight that 
the lamp is too unwieldy compared to the non-water-tight. A 
simple light wire guard to protect the incandescent bulb is 
deemed sufficient. The navy standard switch, and switch and 
receptacle are generally used on merchant vessels. There has 
been but one good receptacle and plug designed for water-tight 
work outside of the navy design and this device is very expensive. 
Its use, however, has proved of great advantage. The practise 
in this country still adheres to the Edison screw socket but it 
would seem that improvement must come along this line. Its 
general adoption is evidently caused by land commercial prac- 


"There have been some successfu! installations of tungsten iamps 
in machinery spaces. 
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tise but unquestionably a design on the lines of the Edi-swan or 
bayonet tvpe should prove more satisfactorv. 

Ordinary land motors are installed but it would be unwise to 
continue this practise if the use of motors increases, as the 
upkcep to the owner would be such that the application would 
soon be discouraged. Motors should be designed so as to pre- 
vent oil from creeping along the armature shaft, a tendency 
when the ship rolls or pitches. Easy means for overhauling 
and the aise of non-corrosive parts are essential. It seems that 
the owners of vessels in this country are overlooking the advan- 
tages of economy in the lack of a more extended use of electric 
power. The question of first cost is easily counterbalanced 
by the reduction in upkeep, ease and readiness of service pro- 
vided by the electric motor. Many of the applications have 
been long tried in naval service and the apparatus is not of an 
experimental nature. The controlling devices for motors are 
similar to those of land practise except that where exposed to 
the weather and located in the machinery spaces, water-tight 
protecting boxes are supphed. То prevent unauthorized hand- 
ling, non-water-tight sheet metal inclosing cases with padlock 
are provided in all cases. 

Besides those systems of communication which are required 
by law the owner finds many adapted to the convenience of 
passengers and crew. Such systems should be energized рге- 
ferably by a low voltage (20 volts) if used by passengers. The 
general opinion is that only direct current should be used. 
Many attempts have been made to utilize ordinary land tele- 
phones on ship-board but they do not seem to give the service 
desired. Special marine telephones are now being installed and 
carefully watched. А combined system of loud speaking 
telephones between the bridge and engine room and flat speak- 
Ing for inter-communicating purposes appears to have some 
merit. The telephones for the bridge and engine room are made 
entirely water-tight and provided with double receivers of the 
watch case pattern. All the telephones are made portable and 
of the hand microphone tvpe as experience has shown that the 
human body performs the function of a cushion to the ship's 
vibration better than any other device. Electric telegraphs 
for transmitting orders, from the bridge to the engine room, 
for sending docking orders, etc., etc., are often installed on 
merchant vessels, but it 1s recommended that such instruments 
when needed should preferably be of the lamp type. The 
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electrically operated valve for the main steam whistle in addi- 
tion to the mechanical hand pull is now frequently installed, 
even on freight vessels, and the clock mechanism is arranged with 
two contact disks so that the vessel may comply with the law 
when towing or being towed. Іп all such applications the object 
most sought after is simplicity and reliability—the functioning 
without attention. | 

Fire alarm systems are very rarely installed on freight vessels 
but passenger vessels are always so equipped. The older sys- 
tems have not proved of great value but two systems are now 
on the market; one applicable to cargo carrying vessels by means 
of which not only is the location indicated by smoke coming 
from the compartment but also admits live steam to the seat ` 
of the fire. This requires an expensive system of piping which 
is not always satisfactory. The other system operates on the 
principle of the expansion of air due to a rise in temperature. 
A pipe of very small inside and outside diameter (so small that 
it can hardly be seen when exposed on the decks or bulkheads) 
is installed in all the compartments. This pipe may be placed 
on the trim or cornice and is very unobtrusive. A fire may in 
this way be detected while in the early stages and large areas 
easily and economically protected. The indicating devices can 
be located in two or more places and, as is frequently done, 
can be made to resemble the deck plans of the ship. The in- 
dications are given by the lighting of a small battery lamp 
and the sounding of an alarm. 

An increasing number of coastwise vessels now carry a sub- 
marine receiving set. This consists of two tanks filled with 
brine located in a lower forward hold of the vessel. Trans- 
mitters similar to telephone transmitters connect with double 
receivers located in the pilot-house—one receiver connecting 
to the port tank and the other to the starboard. "The sub- 
marine bells located on the lightships or buoys along the coast 
may be heard through the water by this means and the direc- 
tion in case of fog or thick weather detected by noting the 
equality or inequality of the strength of the signal on each 
tank. The vessel may also swing around to enable a bearing 
to be sufficiently assured so that danger may be averted. The 
device has been reported as operating satisfactorily and this 
is attested to by the increase in the number of vessels so equipped. 

Although wireless equipments are required by law on pas- 
senger vessels many freight vessels carry such equipment. The 
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advances in this field are exceedingly rapid and therefore no 
set, as described, could be looked upon as a standard but it 
would seem desirablé to give some idea of this apparatus. A 
typical installation for freight vessels consists of the following 
parts: A motor generator supplied with energy from the 110 
volt direct current system. "The motor and gencrator arma- 
tures are on the same shaft. The a-c. generator has a speed 
of 2400 rev. per min.; it has 12 poles and it generates a voltage 
of 500 at 240 cycles. The synchronous gap, which is a disk 
of composition insulation and carries a stud for each pole of 
the generator, is mounted on the generator end of the shaft. 


2---------44------------------.---- 


iunt. ' 
' ! i 
= O— ee eee eee 
GAP << 


<= | 
CONDENSER — 7 —-- | CLOSED OR 
—= OSCILLATING CIRCUIT 


0.1. “PRI. ! I 
PRIMARY TRANS У---------------------------- ; A AERIAL a 
NOARY TRANS. D — DETECT 
PE TRANSMITTER F. C.-FIXED CONDENSER 


. D PHO 
A > = = S. C PRIMARY CO oe 
Sor! от P. C- PRIMARY COI 


RECEIVER 


DIAGRAM OF CONNECTIONS FOR WIRELESS TELEGRAPH—MERCHANT 
TYPE 


Two stationary studs are secured on the disk muffling box 
and the spark discharge takes place between them. When 
these studs are adjusted to synchronism, the spark discharge 
occurs only when the a-c. voltage reaches its peak of alterna- 
tion thus allowing only one spark discharge for each alterna- 
tion or 480 sparks per second. In this manner a pure musical 
note is produced, slightly lower in tone than the E string of 
the violin. The transformer steps up the 500 alternating volts 
to 12,000 and charges the condenser. This condenser is made 
of high quality glass plates coated with copper or tinfoil and 
immersed in oil (flash point 300). It is used in series parallel 
banks and forces the energy received into_the rotary gap and 
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oscillation transformer. The primary of the oscillation trans- 
former is connected in series with the gap and condenser. The 
primary coil carries a movable contact апа by varying this 
contact on the turns of the coil, the wave length may be ad- 
justed. The energy is transferred from the primary coil of the 
oscillation transformer to the secondary coil (which is several 
inches from the primary coil) by magnetic induction. The 
secondary coil of the oscillation transformer is connected to 
the aerial in the following manner: One terminal goes to the 
earth, the other through inductance coil for lengthening aerial 
period or wave, and condenser in scries for shortening wave. 
The spark gap, oscillation transformer primary, and primary 
condenser, make up the “ closed circuit " or “ oscillating cir- 
cuit." The oscillation transformer secondary, the aerial in- 
ductance and condenser, the aerial and earth, form the “ open 
circuit " or “ radiating circuit." The “ closed circuit” wave 
and the “ open circuit ” wave must be in resonance before the 
“open circuit " willl radiate energy on the aerial. А hot wire 
ammeter will show a maximum reading when the two circuits 
are balanced. The aerial consists of seven strands of No. 18 
silicon bronze hard-drawn wire used to prevent sagging or stretch- 
ing. Wires are spaced on a 25 foot spruce spreader and insulated 
from spreader and ropes by four feet of hard rubber rods. 
The receiver consists of the tuner for tuning to resonance all 
incoming waves by variable inductances and capacities. In 
this manner waves of different lengths and frequency may be 
selected. Тһе detector is of the carborundum crystal type 
mounted on the tuner and rectifies the signals to be heard on 
the diaphragm of the head telephone. These telephone re- 
ceivers are extremely sensitive, having a resistance. of 3000 
ohms. This set establishes reliable communication under favor- 
able conditions at a distance of 3000 to 4000 miles. 


NAVAL PRACTISE 


The requirements of the navv constitute naval practise and 
it remains for those who undertake such work to excel in its 
performance and to suggest wavs and means for its betterment. 
Specifications and drawings, known as type plans, are issued 
covering all the apparatus, appliances, and materials entering 
into the equipment. Each bureau of the navy department 
compiles the requirements for the work under its cognizance 
and in this manner provides for its inspection both at the works 
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of the manufacturer and at the plant of the contractor. The 
bureau of steam engineering, the bureau of Construction and 
Repair, the Bureau of Ordnance and the Bureau of Naviga- 
tion are the bureaus most nearly touching the electrical installa- 
tion; the Bureau of Steam Engineering and the Bureau of Con- 
struction and Repair performing the most essential parts of 
the work. The veneration of electricity, its control, distribution, 
installation and maintenance fall under the administration of 
the Bureau of Steam Engineering, and the provision of the 
motors and their control for the various deck and other ma- 
chinery come under the direction of the Bureau of Construction 
and Repair. The turret motors and questions connected with 
gun fire are under the jurisdiction of the Bureau of Ordnance 
and special equipments connected with the operation of the 
vessel when under way, such as gyroscopic compass are taken 
care of by the Bureau of Navigation. All type plans issued by 
the Bureaus whether of apparatus, etc., or for the construction 
work are simply guides or schedules from which elaborated 
drawings must be made embodying correct designs and full de- 
tails. These drawings must be forwarded to the bureau, or 
bureaus, involved and receive formal approval before work may 
proceed. In the case of apparatus newly designed drawings 
must be submitted to the bureau concerned for its approval 
as a type after which approval must be again obtained for its 
specific application. After an installation or apparatus is 
completely finished, inspected, and received, a complete set 
of drawings of the final details must be prepared and turned 
over to the Government. Due to this procedure the materials 
entering into the construction of naval apparatus are in every 
wav of a higher grade than those employed in merchant service. 

The use of iron conduit and open wiring supported on insulators 
has now given place to armored conductors. There are condi- 
tions which require different types of wire so that the specifica- 
tions permit of three general types, namely, plain conductors, 
armored, and lead-covered armored. The practise at the present 
time is to use lead-covered armored cables for all permanent leads 
throughout all spaces in the vessel. The best quality of rubber, 
linen, jute, lead, copper and steel are required. Cables are 
clipped rigidly to the structural parts of the vessel by strap 
hangers and when a group of leads occurs or at the structure is 
such as not to permit a compliance with the above, a five-pound 
steel plate is first fitted and the armored wires attached to this 
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plate. These cables are sufficiently flexible to allow of close 
fitting or “ nesting ” and thereby much space is conserved and 
a better appearing installation results. In addition to these 
advantages is the reduction of upkeep over conduit due to a 
decrease in the deterioration of the insulation by its protection 
from condensed moisture. Stuffing tubes as in merchant 
practise but of special design are required when passing through 
decks or watertight bulkheads. "Through non-water-tight bulk- 
heads they are led through holes with the edges rounded off. 
Mechanical protection is also provided near the walking spaces 
at decks and at other particular locations where the cables would 
be unduly subjected to abuse, or would themselves subject 
the contents of the compartment to danger. In the vicinity 
of the magnetic compasses the steel braid is removed. For the con- 
venience of testing and designation, the cables are all carefully 
and accurately tagged 1n accordance with approved plans. No 
splices are permitted and mechanical joints are all made in 
specially designed watertight brass boxes. All feeders for every 
purpose must be continuous throughout their length except in 
especially long leads of the larger size cables when proper 
mechanical connections are allowed in order to facilitate in- 
stallation and avert damage to the cables by the severity of 
the necessary handling. | 

The distribution of energy is on the two-wire system. The 
lighting, and small power feeders are run from the main switch- 
board to centers of distribution and mains led from thence to 
the terminal apparatus. Mains may also be taken directly from 
the feeders to meet the conditions of structural obstructions. 
Distribution boxes of brass are provided of varying types some 
containing knife switches and fuses, others with fuses only, others 
with fuses and snap switches. These also vary in mechanical 
construction some being water-tight and others non-water-tight 
to suit the location. Twin conductors up to 60,000 cir. mils 
are permitted, and branch leads for lighting must not be less 
than 4000 cir. mils. The permissible drop on the lighting system 
from the main switchboard to the farthest outlet is 25 per cent 
and for power 5 per cent. The carrying capacity of all conduc- 
tors is based on one thousand circular mils per ampere for con- 
tinuous loads and five hundred circular mils for intermittent 
loads. The permissible drop on the signaling systems is 2% рег 
cent when lamp instruments are used and not over 5 per cent on 
circuits containing bells, buzzers, push-buttons, contact-makers, 
etc. 
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Generators for naval service are generally direct-driven by 
steam turbines, mounted оп a common bed-plate. The turbines 
are of the horizontal type and designed for both condensing and 
non-condensing operation. They must be capable of operating 
the generator indefinitely at one-third overload. They are 
required to operate automatically with load varying from zero 
to 13 load. They must function with the most economical 
water rate possible when supplied with dry saturated steam at 
200 pounds.pressure and 25 inches vacuum. Forced lubrication 
is specified for all sizes, and the largest sets have their bearings 
water-cooled. Gages for observing the vacuum in the exhaust, 
main steam pressure, oil pressures, etc., and indicators for in- 
specting the flow of oil and cooling water to bearings, tachometers 
thermometers, pilot lights, etc., etc., are all provided. The 
generators are direct-current compound-wound, and in the larger 
sizes supplied with commutating poles. Тһе frame is cir- 
cular in form and in the largest sizes split horizontally. 
These are the essential differences from regular practise with 
the exception that exhaustive tests are made in order to 
secure compliance with the specifications. At the present 
time the navy requires its generators on battleships wound 
for 240 volts but for smaller craft retain a potential of 125 
volts. In order to obtain increase in economy, reduction 
gears with high-speed turbines are now being installed and 
have received formal sanction. Sets of this design have reached 
the first stage; namely, shop tests. The change in voltage to 
240 on the larger vessels has brought about the necessity for 
a neutral bus to supply the lighting and searchlight systems. 
This may be accomplished either by a three-wire generator wound 
for operation with a compensator; or an auxiliary independent 
rotary balancer set. Both methods have now been introduced 
but service operation has not yet been fulfilled. 

Until recently the switchboard panels were made of carefully 
selected slate. Now the requirements call for a special composi- 
tion material having a high insulation resistance and unaffected 
by steam, or moisture, or shrinkage, when subjected to differences 
in temperature or hydroscopic changes and capable of a cer- 
tain deflection without breaking. АП the instruments 
mounted on the switchboard are specified in detail and only ` 
approved instruments and fittings are permitted. Enclosed 
fuses are approved if they conform to the general requirements 
of the national electric code. Renewable enclosed fuses are 
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allowed under the requirement of a special specification for 
fuses. Detail requirements are issued for all bus-bar construc- 
tion, fittings, bolts, etc., all of which must be suitable to with- 
stand the severe atmospheric conditions of shipboard service. 

For the larger vessels the government furnish 36-inch distance 
control searchliphts and 12-inch signal searchlights. The larger 
projectors are arranged so that some of them may be placed on 
trucks and transported about the decks. On the smaller 
vessels, 30-inch and 24-inch searchlights, with mechanical 
distant control, are installed. All lamp mechanisms are of the 
motor type and both venetian blind and iris shutters are pro- 
vided. The plain glass front frame is supported on springs 
so as to take up the shock of gun fire. А finder similar to that 
used on a camera is fitted so that it will show on а ground glass 
screen the arc, and by means of cross hairs enable the arc to be 
placed in the proper focal position and the carbons correctly 
adjusted. 

Lighting fixtures and appliances are all made of brass composi- 
tion and are heavier in every sense than the merchant marine 
type. However, the navy has now discarded the spring tvpe of 
socket and adopted that used in commercial practise, with the 
difference that a special insulation material is provided for the 
base instead of porcelain. "The fixtures installed in quarters and 
general living spaces are designed with a special shade holder, 
similar to that used in railway cars, whereby the shade is held 
in place by a spring and not dependent upon screws. Guards 
are required on steam-tight fixtures in open spaces where subject 
to mechanical injuries. Prismatic glass globes are fitted in all 
steam-tight fixtures and special shades are employed to direct 
and diffuse the light. Tungsten incandescent lamps are in 
general use but locations greatly affected by vibrations are lighted 
with carbon filament lamps. The high wattage tungsten lamp 
has now superseded both the carbon and mercury arc lamps 
for the illumination of large spaces. 

Motors are designed under a special specification which enters 
into minute details so that a best service under sea conditions 
may be obtained. "They are wound for either 120 volts on smal- 
ler vessels or 230 volts оп the larger. In sizes of five h.p. or 
over they are multipolar, preference being given to comutating 
pole type. Various types of motors differing in mechanical 
construction as well as electrical characteristics depending upon 
the location and the service are required. For spaces and condi- 
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tions where water or moisture cannot damage the apparatus open 
or semi-enclosed motors arc permitted; on the other hand where 
exposed to the weather or moisture thev are totally enclosed and 
of water-tight design. Enclosed ventilated motors are approved 
for specific conditions. Non-corrosive parts and interchange- 
ability are of great importance. Much attention is given to the 
testing of such apparatus and specific instructions are given 
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TRANSMITTER FOR BOILER FIRE TIMING DEVICE— MOTOR REVERSING 
TYPE 


covering the adjustment, heating, balance, dielectric strength, 
efficiency, weight, etc. The tests are usually made at the works 
of the manufacturer and no shipments can be made until the 
apparatus meets the full requirements of the specification. 
Three tvpes of control are now required in order to cover the 
various power equipments; namely, panel tvpe controllers, 
drum-type controllers, contactor type controllers. These are 
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mounted in water-tight enclosing cases where conditions demand 
in the same manner as for motors. Contactor panels usually 
being of large size are located below decks where they can be 
mounted like switchboards. They are operated automatically 
by a master controller which would be of the water-tight pattern 
if located on the weather deck. To insure against unauthorized 
handling these contactor panels are usually protected by an 
expanded metal enclosure. Spare parts must be supplied with 
all motor and control equipments. These parts are based upon 
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the number and type of apparatus used; they are subjected to a 
like test as the motor, and are carefully packed in special boxes 
and marked for identification. 

The signaling systems are installed under the same rules as 
regards cables, methods of distribution, methods of securing the 
cables, etc., as already described. Energy for these systems 1s 
taken from the lighting bus-bars and transformed by means of 
small motor generators, or dynamotors, to a low potential (20 
volts d-c.). A special cable is designed for the general systems 
and one composed of like materials but with the wires twisted 
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and paired for the telephone system. As the instruments for 
this application are usually more delicate than the other appa- 
ratus it is more essential that care be exercised in their manufac- 
ture, and the points brought out previously must be even more 
precisely looked after. The d-c. motor-operated instruments 
have superseded the lamp instruments almost entirely, and they 
seem to be providing very satisfactory service. Communication 
systems play an important part in the navigating of the vessel, 
in the transmission of general orders, and in the signals for gun 
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firing. These systems are very expensive and command as much 
attention and special designing as the power system. 


INSTALLATIONS ON VARIOUS TYPES OF VESSELS 


The general requirements of both merchant and naval prac- 
tise having been described, a brief outline of the electrical equip- 
ment on a few typical vessels will be given. It is to be under- 
stood that such installations are so flexible that many things are 
done for no better reason than that of individual preference; 
but these descriptions will endeavor to show the present extent 
of the application and the trend of development, А 
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LAUNCHES AND YACHTS 


Certain manufacturers design and build complete outfits in- 
cluding generator, switchboards, and storage batteries, especially 
for this service. For the amateur vachtsman who delights in the 
experience of experimentation these outfits may do well. The 
gencrator is usually operated by a friction pulley on the flywheel 
of the propelling engine and the storage battery is used for steady- 
ing the voltage and supplying energy when the main machine is 
not in operation. А better equipment is found in the larger 
steam yachts and for steam launches for large vessels. Such 
craft are filted with a one-kw. direct-connected steam turbine 
generating set preferably of 110 volts. Standard lamps and 
standard searchlights may then be installed. No attempt 1s 
made for any expensive distributing systems but a special fused 
circuit is provided for the signal lights. The fixtures are usually 
selected by the owner and the style and type corresponds to the 
decorations. АП the fixtures of a house installation are followed 
and the applications merely depend upon the luxury desired. 


TUGBOATS, FIREBOATS, ETC. 

Sea-going tugs usually carry two generating sets of 10 kw., 
110 volts, one 18-inch searchlight, the usual signal lanterns, 1n- 
cluding towing lights and approximately 120 incandescent lights. 
Government tugs in addition to this are supplicd with a sub- 
marine signal receiver set, a night signal set, a call-bell system, 
and wireless telegraph outfit. 

Mine-planters and lighthouse tenders for the government have 
a generating plant arranged to carry the dav and might load 
instead of the customary duplicate generating set. One turbo- 
generating set has a capacity of 7 kw. and the other 20 kw. 
Besides this they are supplied with a submarine receiving set and 
frequently with a wireless outfit. The installation and installa- 
tion matcrial must conform to naval practise. Approximately 
120 to 150 lights are installed. 


DREDGES 
The ordinary merchant type dredge has an installation of ap- 
proximately 150 lights, carries one or two searchlights depending 
upon the length of the vessel and uses the high wattage tungsten 
lamp in lieu of the are lamp. The generating plant consists of a 
total of 20 kw. usually comprising two 10-kw. marine recipro- 
cating engine-driven generating sets. Special searchlights simi- 
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lar to those used in the Suez Canal, are available for this type of 
vessel. A diverging lens is placed on the scarchlight barrel and 
the rays are thrown to each bank of the stream and leave a dark 
space ahead. This permits of up and down traffic without inter- 
_ fering with the regular signal lights. There 15 a growing tend- 
ency toward the use of electric power for the main purposes of 
dredging, and experimental plants are now in service in the 
western part of this country. There would scem to be no im- 
portant reason why such an application should not be entirely 
satisfactory and economical. 


FERRYBOATS А 


The general practise today in lighting ferryboats is to outline 
the cabins with 25- or 40-watt tungsten lamps. These circuits 
are arranged so that in cases of emergency every other light may 
be in operation and total darkness avoided. Two generating 
sets, one of small capacity for the daylight load and one of large 
capacity for the night load, are furnished and the circuits as 
above described are designed so that it will not be possible to 
overload the smaller generating set. The average ferryboat 
is lighted by approximately 225 incandescent lamps. Ап іп- 
teresting mechanical signal is connected to the disengaging gear 
of the steering engine and automatically warns the engineer at 
which end of the boat the steering gear is working. The signal 
lights are also so wired that when the pilot unlocks his steering 
wheel the correct lights for that direction go on and the other set 
of lights go off. 

EXCURSION STEAMERS 

For river and lake traffic two types of vessels are designed— 
those that make night trips and those that make short day-light 
pleasure trips. The day boats are usually equipped with a 
duplicate dynamo installation. They are lighted by approxi- 
mately 300 to 400 lights and carry one 18-inch searchlight. As 
these vessels are light in construction, of shallow draft and do not 
encounter severe storms it is possible to adapt modern methods 
of illumination and so it will be found that indirect and semi- 
direct fixtures are installed with ample reason because of the 
higher deck spaces and the artistic effects of the decorations. 

The larger Sound and Lake steamers are floating palaces and 
require the best of the decorator's art to satisfy the owner's 
desires. Much space in the super-structure is devoted to general 
rooms and these, often occupying three decks, are sumptuously 
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furnished. All the artifices of the lighting expert are requisi- 
tioned; and concealed incandescent lamps back of the light wells, 
lights in glass columns, lights for the paintings, garlands of 
small lights, newel post lights, semi-direct and indirect light- 
ing units—all these and many more go to make up the appearance 
of luxury which is required. Such vessels are equipped with 
plants ranging from 100 to 200 kw. One of the interesting 
installations which differ from other vessels is the fire alarm 
system which becomes of great importance due to the liability . 
to fire and the large number of lives involved. Asan illustration 
of the care observed in such matters the installation of the fire 
alarm system on the Sound steamer “ Commonwealth " may be 
considered typical. The system was the open circuit type. 
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Mercurical thermostats of navy pattern were installed. A 
testing receptacle is located at the end of every line and tests are 
made every day after the passengers have left the vessel. The 
collision and general alarm gongs located throughout the vessel 
are also operated by this system, as well as by the regular switch 
installed in the pilot house. The system is energized by both 
the regular interior communication dynamotor and also by 
batteries which are thrown in automatically if for any reason the 
dynamotor is not running. The bells throughout were of the 
short circuit type in order to eliminate the possibility of an open 
circuit in the bell. The annunciator in the engine room was 
located at the valves for the sprinkler svstem so that response by 
water could be immediately given. The saloon deck annuncia- 
tor was a duplicate of the engine room instrument and the eight 


PLATE СХИ. 
А. I. E. E. 
VOL. XXXIV, NO. 8 


[HoRNOR] [HORNOR] 
NAVY STANDARD CHAIN AM- U. S. NAVY WATERTIGHT CON- 
MUNITION Hoist MOTOR TROL PANEL FOR CHAIN AMMUNI- 


TION Hoist MOTOR 


= ONE a 
[HORNOR] [HORNOR | 
U. S. S. NEVADA STEERING TIME CONTROLLED MOTOR- 
GEAR Motors 125-Уогт CoN- GENERATOR SET FOR SIGNAL 
TACTOR SYSTEM HOWLERS 


(новмок| Інокхок| 
Navy STANDARD VENTI- Tuv RBO-GENERATOR Unit—300 KW. 1500 REV. 
LATING FANS PER. MIN. 125-VOLT 


Digitized by Google 


1915] HORNOR: MARINE INSTALLATIONS 1539 


local annunciators had the circuits sub-divided in order to facil- 
itate testing and upkeep. 


FREIGHT VESSELS, COLLIERS AND OIL TANKERS 


Freight vessels of 5000 tons dead weight carrying capacity are 
usually equipped with 10-kw. marine reciprocating-enyine gener- 
ating sets in duplicate. Approximately 150 fixtures, a few port- 
able hand lamps, cargo reflectors and one 18-inch searchlight 
which is mounted on the top of the pilot-house and controlled 
from the inside, are furnished. With the exception in a few 
cases of a small inter-communicating telephone system, the 
signaling systems installed are only those required by law. 

The equipment of oil tank vessels differs only slightly from 
that of regular freighters and colliers. The generating sets are 
usually a little larger, about 15 kw., and a few more lights are 
required, depending largely on the arrangements of the vessel. 
The location of the main propelling machinery, whether it is in 
the extreme after part of the vessel or amid-ships, naturally 
affects the extent of the electric plant. The owners of such 
vessels often take great precautions and insist on special designs 
of fixtures and fittings. In some cases great care is exercised in 
the permanent fixtures located in the pump rooms, these embody- 
ing a special sealed globe so as to prevent the entrance of oil 
fumes, and іп other cases the owner prefers the use of navy 
standard fixtures in this particular compartment. Some owners 
require these special fixtures to be furnished throughout the 
vessel except in living spaces, and other owners use the regular 
commercial fixture except in the pump room. Up to the present 
time electric power has not been extensively emploved for the 
operation of the important auxiliaries but it is not believed that 
direct-current motors would be as safe or as ready of service as 
alternating current. 


COASTWISE PASSENGER AND FREIGHT VESSELS 


Such vessels are more elaborate and so the electrical equi- 
ment becomes larger and assumes greater importance. These 
ships carry electricians so that the questions of reliability and 
readiness of service do not enter to such an extent as on smaller 
and less important vessels. The service that the owners wish 
to give and the demands of the public who travel in these coast- 
wise vessels determine many of the applications of electricity. 
So it will be found that some of our coastwise vessels especially 
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on the Pacific coast have a complete electric air heating system 
because the evenings on the West Coast are sometimes chilly 
and it would not pay the owners to install a steam system for so 
infrequent a service. On the Atlantic coast the winters are 
severe enough to require steam heating. As an illustration of 
the type of electrical installation on coastwise vessels, the equip- 
ment of the S. S. Great Northern and the S. S. Northern Pacific— 
vessels recently completed for the Great Northern Pacific Steam- 
ship Company, will be described. 

The generating plant consists of four 35-kw., 110-volt, direct- 
current, commutating-pole, compound wound generators direct- 
connected to 3200-rev. per min. water-cooled bearing turbines, 
supplied normally with steam at 200 pounds and a vacuum of 
28 inches, and designed to carry full load at 175 pounds steam 
pressure and 10 pounds back pressure. Each generating set is 
connected to the main distribution board through an automatic 
circuit. 

From the main switchboard are led 24 feeder circuits supplying 
lighting, searchlights, hull ventilation, supply and exhaust fans, 
"cargo elevators, galley and pantry motors, as well as a shore 
feeder of sufficient capacity to light the entire vessel from a 
shore plant, or light the dock from the ship’s generator. "The wir- 
ingison the two-wiresvstem, and the material used represents 
the very latest marine construction. The highest grade rubber- 
covered wire is used, over which is supplied a lead sheathing, 
this being protected by a basket weave galvanized steel wire 
armor. This wire is secured directly to the structure of the ves- 
sel eliminating customary conduits and moulding and the col- 
lection of moisture in them—the cause of numerous troubles, 
experienced with conduit installations. Water-tight junction 
and feeder boxes and fixtures are used throughout except in 
living quarters, and the wire entering these applicances 15 made 
water-tight by hemp packing in suitable stuffing tubes. Mazda 
lamps are used throughout the vessel, of which there are 1700. 
The lighting circuits are divided into four classes— general 11- 
lumination used as required, stateroom lighting always at the 
disposal of the passengers, police lights which are never extin- 
guished, and the individual cargo lighting throughout the cargo 
spaces controlled by separate circuits so that the lights may 
be extinguished when the cargo spaces are filled in conformity 
to the insurance requirements. Every passenger compartment 
is supplied by duplicate feeders so that in the event of a failure 
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of one feeder no compartment is in darkness. The lighting 
fixtures are unusual in several features. Majolica fixtures deco- 
rated in gold are used in the staterooms and stateroom passage- 
ways. This is the first use of such fixtures іп this country. 
Each stateroom is provided with a receptacle of the same con- 
struction for reading lamps, fans, curling irons, or warming pans. 
Steam and water-tight fixtures are used in exposed locations, 
machinery and cargo spaces. The reflected lighting for the 
oil paitings in the saloon, lobby, writing room, and “А” deck 
entrance, as well as the massive semi-indirect lighting fixtures 
used exclusively in the dining room, are departures in marine 
work. All metal parts 1n the stateroom are of monel metal to 
eliminate plating and prevent discoloration. Cameo апа cut 
glass bowls of various designs for lighting fixtures have been 
used quite extensively throughout the vessel. 

The ventilation and heating of the vessel is most complete. 
Fourteen ventilation and heating units supply all staterooms and 
public spaces. These consist of conicle flow fans used for the 
first time in marine work and which on test develop an efficiency 
of 56 per cent. These fans are direct-connected to enclosed 
adjustable-speed motors and discharge the air through coil 
heaters. All these units are supplied with a by-pass for use 
when not required. These units range in size from 1500 to 3000 
cubic feet of air per minute at 11 pounds per square foot pressure, 
and are designed to supply the full quantity of air when discharged 
through the heater. Six fans of the same type without heat- 
ers are used to exhaust the air from lavatories, toilets, galley, pan- 
try and smoking rooms, and, when run at maximum speed, 
will change the air in these compartments every minute. Elec- 
tric motors are used quite extensively in the galley and pantry 
where the following apparatus is located: Опе one-barrel dough 
mixing machine operated bv a two-h.p. motor, one 40-pound 
vegetable paring machine operated by a $-h.p. motor, two 
one-tank dishwashing machines operated each. by а $-h.p. 
motor, one meat and food chopping machine operated by a 
one-h.p. motor and capable of chopping 144 pounds of food per 
hour, one 2800-watt, three-heat hotel griddle used for toasting 
bread, frying сере, bacon and chops. The large cold storage 
compartment which extends the width of the vessel, as well as 
each of the cargo holds, is provided with а three-ton hoister 
operated at a speed of 100 feet per minute and driven by a 
40-h.p. motor equipped with automatic starting and limit 
switches. | 
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The call-bell push buttons in all the staterooms have been 
utilized as a part of the fire alarm system by the installation of 
a thermostat button which expands when subjected to a 
temperature of 160 deg. fahr. This will announce on the call- 
bell annunciator an excess of temperature in the particular 
location even if the room is not occupied. The main fire alarm 
system, consists of a small pipe of minute internal diameter 
which is carried throughout the living spaces of the ship. An 
indicator board representing small plans of the different decks 
is mounted in the pilot-house and small battery lamps give the 
location of the fire upon the sounding of the alarm. This system 
is based on the expansion of air due to increase in temperature. 
The latest improved loud speaking telephones are used for com- 
munication between locations exposed to weather conditions 
and machinery noises. A commercial standard type of telephone 
is used for communication between other locations. A motor- 
driven type of electric whistle operator is installed with switches 
located in a number of places both for blowing the whistle at 
will and also for blowing the whistle automatically during foggy 
weather. The vessel is equipped with the usual mechanical 
engine and docking and steering telegraphs of the latest and 
largest pattern. 

А powerful-18-inch searchlight is mounted on each end of 
the forward bridge in such a position that they can sweep the 
entire length of the vessel. | | 

This vessel carries two wireless outfits both of the navy type, 
one of two-kw. capacity and the other of 2-kw. The latter was 
for emergency purposes and could be operated from the battery. 
Every precaution was taken in mounting the apparatus, which 
was extremely compact, so that if the ship were sinking the 
wireless telegraph station would be in service until the water 
reached the radio room. "The motor generator for the largest 
set was supplied energy from the ship's 110-volt svstem but 
could also be energized from battery. "The batteries were auto- 
matically charged and the machinery in general so controlled. 
All the apparatus was protected from induced high potentials 
by means of condensers and protective resistors. The trans- 
mitter was the quench-gap (noiscless) type, 500 cycles. A 
blower was used to cool the surface of the quench-gap plates. 
The transformer stepped the 220 volts of the generator to approxi- 
mately 12,000 volts. The oscillation transformer was constructed 
of copper ribbons edgewise wound, spiral mounted on hard rubber 
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disks. Тһе aerial inductance for lengthening the wave of the 
open circuit 1$ likewise constructed. А condenser of four plates 
in series serves to shorten the wave. А protective reactance 
is connected across the sending key. The receiver detector is 
of the carborundum crystal type, and sensitive head telephone 
sets are used. The асга] is of the two-wire “Т” type with 
14 feet spread between wires. The main set has given remark- 
able service. Communication at night was uninterrupted from 
the time the vessels left Philadelphia until it arrived at Santiago. 
The Great Northern on a trip from San Francisco to Honolulu 
retained communication by night from the time of her departure 
from San Francisco until her return. The power of the large 
set may be varied from 100 watts to 3000 watts and while the 
set was being tested at her builder's yards in Philadelphia, Cleve- 
land, Ohio, was called at 6:30 p.m., using 600 watts, and an- 
swered immediately. Boston was communicated with about a 
half hour later using 250 watts. 


SUBMARINE BOATS: 


The energy for the lighting and power svstem is supplied from 
the main storage batteries. The lighting supply contains a 
dimmer by means of which the 110 volts may be maintained 
reasonably constant. Approximately 40 to 60 steam-tight 
guarded fixtures are installed. The auxiliary motors, such as 
for ventilation, pumps, air-compressors etc., are of standard 
design wound for 120 volts. The main propelling motors are 
wound for 120 to 240 volts. These operate as gencrators when 
the vessel is on the surface for charging the storage batteries. 
There are three separate switchboards, onc for the main battery, 
another for the lighting and power svstems, and a third for the 
interior signaling svstems. These latter consist of telephones, 
call-bells, engine telegraphs, torpedo tube indicators, marker 
buoy, submarine signals, gvro-compass, and wireless telegraph. 
Remote control systems are much employed especially for such 
svstems as the diving apparatus, steering gear, and the elevating 
gear for the periscope. 


ТоврЕро-Волт DESTROYERS 
The growth of the generator plant for torpedo-boat destrovers 
has been very marked in the last few ycars and two 25-kw. 
125-volt turbo-driven sets are now installed. Approximately 
200 incandescent lights, two 30-inch searchlights, a night 
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signal set, electric fans, hull ventilation, and a system of interior 
communication comprise the equipment. This latter system 
consists of call-bells, general alarm gongs, smoke indicators, 
shaft revolution indicators, torpedo firing, and wireless telegraph. 
These instruments are exactly similar to those used on battle- 
ships, the size of torpedo-boat destroyers now being such that 
no modifications are necessary in order to adapt the standard 
instruments. 
FLEET AUXILIARY VESSELS 


The navy has many vessels such as transports, supply ships, 
colliers, submarine tenders, torpedo-destrover tenders, etc., 
all of which serve some necessary purpose in attending the fleet. 
Though these vessels naturally differ in their arrangement, size, 
etc., still they all more or less carry about the same electrical 
equipment. This equipment usually consists of a turbo- 
generating plant of approximately 300 kw., 125 volts, necessary 
switchboard, four 30-inch mechanically controlled searchlights, 
about 700 to 800 incandescent lights, two night signaling sets, 
electric fans, hull ventilation, and a system of interior comunica- 
tion. The signaling system comprises call-bells, fire alarms, 
general alarm gongs, boat hour gongs, telephones, shaft revolu- 
tion indicators, helm angle indicators, electric whistle operator, 
fuel oil indicator, submarine signals, and wireless telegraphs. 

It is interesting to note in this connection that the fleet collier 
Jupiter is equipped with electric motors for the purpose of pro- 
pulsion and that this vessel is the first sea-going vessel so pro- 
pelled. Тһе Jupiter’s installation has been fully described both 
when designed and after she performed her trials. She has now 
been in regular service about two years and has shown very 
successful performance. This installation was an experimental 
one and was purposely made for comparison with reciprocating- 
engine drive and geared-turbine drive, the same type of vessel 
being maintained in cach case. The Jupiter has shown herself 
very much superior to the reciprocating engine-driven ship and 
comparisons cannot be made with the geared turbine-driven 
ship as data from this vessel has not yet been made available. 


BATTLESHIPS 


The electric plant consists of four 300-kw. turbine-driven, 
direct-connected generating sets of 240 volts, direct current. 
Two sets are located forward and two aft. These sets are either 
three-wire machines or two-wire; in the latter case rotary balancer 
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sets are required so as to provide 120 volts for the lighting and 
searchlight systems. There аге two main switchboards installed 
fore and aft in special compartments. These switchboards 
control the generators and distribute the energy for power and 
lighting. A common negative bus and a separate positive 
lighting and power bus enable a separation between these two 
systems. The two distribution boards are interconnected so. 
that energy may be supplied to either board from the other. 
The generators in each room are operated is parallel but the 
two rooms are so arranged that multiple operation is not possible. 
Auxiliary switchboards are furnished for the further distribution 
of energy and form the centers of distribution for the feeding 
system. Eight 36-inch searchlights and two portable 12-inch 
single projectors are furnished. 

The lighting system consists of 3000 regular standard fixtures, 
and an auxiliary lighting system is provided for the more im- 
portant working spaces of the vessel; this system is supplied by 
batteries. Each turret has an independent auxiliary battery 
lighting system. There are installed 135 electric bracket fans, 
an electric heating system, a complete interior communication 
system, and a complete system of power-driven deck auxiliaries. 

The power system comprises electric-driven hull-ventilation 
fans and heating coils, turret turning, turret ammunition hand- 
ling, turret gun ramming, turret gun elevating, boat cranes, 
deck winches, capstan, five-inch ammunition hoist, ammunition 
conveyors, sanitary, fresh water, main drainage and secondary 
drainage pumps, air-compressors, anchor windlass, steering 
gear, independent laundry equipment, independent workshop 
machinery, main turbine turning equipment, independent com- 
missary appliances, such as dough mixers, ice cream freezers, 
meat choppers, potato peclers, dish washers, etc., and the energy 
supphed to bake ovens. Of these equipments the largest is 
the steering gear and two systems—the contactor control and 
the motor-gencrator control—are now in the trial stage. This 
system requires a motor rated at 350 h.p. and capable of working 
under a hundred per cent overload for a few minutes. The 
steering gear application has recently been described and as 
no trials of the apparatus now installed have been held nothing 
can be added to this subject at this time. Next to the steering 
gear equipment in size, is the anchor windlass, requiring two 
motors of 175 rated h.p. and the same overload capacity as the 
steering gear motor. 
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The interior communication system comprises the following: 
call-bells, telephones, fire alarm, general alarm gongs, boat hour 
gongs, shaft revolution indicator, steering telegraph, steering 
emergency signal, gyroscopic compass, engine revolution tele- 
graph, fire room telegraph, engine order telegraph, loud- 
speaking telephones, rudder indicator, gun firing systems, warn- 
ing systems for closing water-tight doors, air-lock indicators 
for indicating when air-lock doors are open, water-tight door 
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MASTER GYROSCOPIC COMPASS 


signals, submarine signal, electric whistle operator, drainage 
tank indicator, and wireless telegraph. One of the most interest- 
ing developments among these many systems is that of the gyro- 
scopic compass. This apparatus has been recently described and 
its application has been greatly extended in various ways. 

It is to be noted that the experiment with electric propulsion 
on the Jupiter has been so satisfactory that our government 
has authorized its installation on the U. S. S. California, one of 
the latest battleships now building at the New York Navy 
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Yard. The design of the motors will differ slightly from those 
of the Jupiter but the general applications will be the same. 
A total of 37,000 h.p. will be provided, and each of the four 
shafts will be operated by an induction motor receiving energy 
from two steam turbine-driven alternators wound for approxi- 
mately 2500 volts three-phase. Тһе advantages to be gained 
in this electric coupling, instead of the mechanical reduction 
gear, are very obvious in the case of a battleship, as it is neces- 
sary at certain times to drive the vessel at high speed but it 


4-UPPER TERMINALS ON STEM 


12212 сі ҮГҮТ 
LLL - әш SLIP RINGS 
АИ ди A ! 
AUTOMATIC ALARM 
Ар 2 


TERMINAL BLOCK FOR | 1 | | LOWER TERMINALS 
STAB. GYRO ON CASE =< : t FI ON STEM 


TERMINAL BLOCK. rJ N ЛЕНТ! „a FOLLOW-UP CONTACTS 
ERMINAL BLOCK at 7 
ON TRANSFORMER \ |77 9—1 ШІ сш ol 
90 | LT 3$ | t t LLLI | П 
10 VOLT- 3 ¢ ^ НЕ! Нн 
TRANSFORMER | 4 > 
"a — == 
—k— y) ( STAB.GYRO P 
— за) ма pl rí Мм COMPASS 2 | UPPER CABLE ACT ; 
L -ұ : in. 3 x Vh ro MASTER TRANSMITTER 
1 ү == СТАТОР ММ TERMINA » y. 
Se $ 3¢ STATOR? ERMINAL BLOCK TERMINAL BLOCK 
AZIMUTH MOTOR мо ә | E 1 ur | 
L АТ, a uli | Up А г-І-.МА5ТЕН TRANSMITTER 
5 $ > + | = : ^H 
— | rl. (o) 
— Р = мА, < p” d 
= W S < [ ) || 
| — > 
| waa Р 
P — | — тиш 
= 4 e | ы — = 
Г = ЕЕЕ mmu — ] 
rx | | Е = 
РН 3 б”, L š 4 м JL 
4 7 [^B | 
+ chy LOWER CABLE 
“| | TERMINAL BLOCK 
CONDENSERS = 


INTERNAL WIRING OF MASTER COMPASS, WITH MASTER 
TRANSMITTER 


is just as necessary to drive it under normal conditions at low 
speed; for this large variation in horse power the electric equip- 
ment is more flexible and more economical, permitting of like 
water consumption at low, intermediate, and high speeds. 
The motors are provided with two windings using the slow- 
speed winding at ship's speeds lower than 15 knots and the 
high-speed winding at higher speeds. One generator will sup- 
ply all four motors for intermediate speeds and each generator 
will supply two motors for full power. 
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CONCLUSION 


Merchant marine applications have not shown a like increase 
to naval applications because of the lack of a merchant over- 
seas trade. Trans-Atlantic and Trans-Pacific vessels of the 
foreign tvpe have not been constructed in this country since 
1902, at which time a vessel of 12,000 tons and 620 feet long 
was considered a large vessel; these cannot be compared with the 
present day vessels of over 900 feet in length and over 30,000 
tons displacement. The naval applications have advanced 
because our naval strength depends upon the efficiency of the 
vessel and her equipment. It is to be expected that when our 
country develops a merchant marine that many of the advances 
made in naval practise will be found advantageous to mer- 
chant vessels. 

It is interesting to note that the cost of the electric propel- 
ling apparatus for the U. S. Battleship California, inclusive of 
electric engine room auxiliaries, was approximately eleven 
dollars and sixty-five cents per shaft horse power—less than 
half the cost of the electric plant. 


To be presented al the Panama-Pacific Convention of 
the American Institute of Electrical Engineers, 
San Francisco. Cal., September 17, 1915. 
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OVERHEAD ELECTROLYSIS AND PORCELAIN 
STRAIN INSULATORS 


BY S. L. FOSTER 


ABSTRACT OF PAPER 


There is a slight leakage of current from trolley wires to earth 
through insulated supports on all electrical overhead construc- 
tion, which if not checked permits a flow of current which gives 

, rise to electrical separation of water into oxygen and hydrogen. 
The oxygen liberated acts vigorously upon the adjacent metal 
parts which in time become badly corroded. This electrolytic 
action also seems to remove the galvanizing from live metal 
parts before attacking the iron. А partial remedy for this 
rusting of live galvanized wire is painting. 

This electrolytic effect is also seen to take place over strain 
insulators where the creepage distance is insufficient. This 
indicates that a creepage distance proportional to the conditions 
met must be secured to stop the flow of current around the out- 
side of the insulators. The author concludes that, under fog 
conditions, the insulator surface exposed for creepage is in- 
sufficient in our present standard devices. 

Another form of overhead electrolytic action noticed in 
electric railway work is caused by use of dissimilar metals in con- 
tact. Sulphuric acid and other fumes in the air, and ozone from a 
nearby ocean, are supposed to be the electrolytes that set up a 
local battery action at these peints of contact. The logical 
remedy for this trouble iy to use similar metal in contact. 
The paper then describes the: troubles encountered in San 
Francisco due to these causes and the remedies which have 
been applied. 


N ELECTRIC railway construction in damp climates, and 
more or less in all climates, there is a light leakage of current 
from the trolley wire to the earth through the insulated supports. 
This flow of current if unchecked produces the same results as 
usually follow the electrolytic separation of water into oxygen 
and hydrogen. Oxygen 1s liberated at the positive end of the 
insulating device or the end nearest the trolley wire and attacks 
the metal immediately adjacent to the insulation. In the case 
of galvanized iron the zinc covering or galvanizing is soon re- 
moved and the iron is acted upon vigorously by the oxygen. 
This effect is seen on the bolt or stud that fastens the trolley 
ear to the trolley hanger. "The threaded lower end will be found 
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badly corroded, even though it had been smeared with thick 
oil on installation, while the rest of the bolt is less rusted. The 
explanation seems to be that a leaking current in passing from 
the exposed part of the bolt around the outside of the insulation 
to the metal body, by which the span wire is attached to the 
trolley wire, electrolytically disassociates the oxygen and hydro- 
gen of the moisture present, the oxygen appearing at the positive ` 
pole and at once attacking the iron stud. | 

‘The electrolytic action is also seen in the film of green copper 
salt that spreads from the head of the brass ear over the lower 
surface of the cone to the iron hanger 1n cap and cone construc- 
tion where exposed for long periods to moisture or salt sprav, 
practically destroying its value as an insulator. 

Iron oxide or rust, as it is usually called, occupies 2.2 times 
as much space as the iron from which it was formed and this 
continuous growth exerts a powerful lifting or heaving effect 
on the insulation above it. The progressive oxidation of iron 
results, in the case of the insulated bolt form of span wire insula- 
tion, in rupturing the envcloping material and gradually pressing 
the pieces further and further from the bolt, reducing the insula- 
tion resistance in proportion to the destruction of continuity of 
the enveloping insulating material, until the hanger becomes 
worthless as an insulator during wet weather. In the cap and 
cone form this oxvdizing action results in sjlitting the cap in 
various directions and destroving its insulating value. In the 
cap this splitting of the insulating covering has been reduced 
by having the stud hot-dip galvanized before the insulation 1s 
pressed on it in the process of manufacture. 

In the strain insulator this creepage-electrolysis effect is also 
seen. А globe strain, for example, exposed ш a damp climate 
a few months as the only insulation. between an uninsulated 
curve hanger and the pole (even in the case of a wooden pole) 
will show a heavy ring of iron rust around the shank of the eve 
on the end of the insulator toward the trolley wire, and a white 
‘zine efflorescence on the end toward the pole while the interior 
upon crushing will be found to be clean and intact, its insulating 
conditions as good as ever and the galvanized surfaces bright 
and unimpaired. If time enough elapses this oxydation will 
split the spherical composition insulation open in cracks at the 
end toward the trolley wire. This seems to be due to simple 
electrical leakage over the three inches of surface of the insulator. 
It is too small to be measured with an ammcter and causes no 
hot poles nor opened circuit breakers. 
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With some forms of strain insulators this flow of current might 
be called “ sneakage ” as it occurs without outward sign through . 
the interior of the device until the resistance has been broken 
down sufficiently to allow a clear path. In the case of a single 
insulator in the span wire there then occurs the phenomenon of 
a shocked lineman, a hot pole, a burned off support or occasion- 
ally a dead-grounded feeder at the power house. As asafeguard, 
three of these expensive insulators are sometimes seen used in 
series at each end of aspan wire. This is probably the best meth- 
od of increasing the creepage distance sought for provided 
the insulation is proof against ‘‘ sneakage.”’ 

There is another interesting phenomenon connected with this 
leakage of current along span wires and guvs. The current seems 
to pass off from the exterior of the live wire first removing elec- 
trolytically the galvanizing and then attacking the iron. In 
moist climates and especially where exposed to salt spray the 
“extra” or “ double" galvanized strand when used where 
leakage current along it is possible rapidly becomes denuded 
of its zinc covering, gets red with rust, becomes pitted and quickly 
loses its tensile strength as if the wire being positive to the earth 
were discharging through the moisture of the atmosphere through- 
out its whole length. It mav be claimed that action is due to 
insufficient galvanizing or to local action from impurities in the 
iron of the wire. That it ischiefly due to an electrolytic action 
is shown bv considering guy wires put up nearby at the same 
time and used where little or no current could pass along them as 
in the case of an insulated drop guy between two wooden tele- 
phone poles attached below the crossarms on each pole. Here 
the galvanizing though unpainted was unaffected by the elements. 

A partial remedy for this rusting of the live galvanized wire 
15 painting as is seen by considering the end of a guy wire where 
it was painted at the wrap around the iron pole and beyond. 
Where painted it was not affected and was full size although cor- 
roded badly where unpainted. This corrosion also occurs when 
bare copper is used for guys or spans and is alive unless these 
wires are oiled or painted. That the trolley wire does not 
show effects of the action is supposed to be due to it being pro- 
tected by a film of lubricant thrown upon it by the passing 
trolley wheels. 

These points seem to teach that it is not only the high insula- 
tion puncture and flash-over tests of the trolley wire devices nor 
` the crushing strength of the composition that are important 
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but the securing of а сгеераре distance proportional to the con- 
ditions met with so as to stop the flow of current around the out- 
side of the insulating parts. 

The substitution of glass or porcelain for the usually more or 
less fibrous and absorbent compounds in strain insulation pre- 
vents “ sneakage " which is a distinct gain but still leaves 
the creepage along the surface. The gain is always being 
able to see the condition of the insulation in a properly designed 
glass or porcelain strain insulator, and in the reduced price 
originally, and for maintenance, has been considered in accounting 
for its popularity more than the danger from breakage of the 
relatively more brittle vitreous material. From this it would 
seem clear that the surface exposed for crcepage is not enough 
under fog conditions in our present standard devices. 
Proper demand for neat; light weight parts has been com- 
plied with but we have not left enough distance between positive 
and negative sides to sufficiently protect the trolley supports 
from electrolytic action, necessitating that the hanger insulation 
be reinforced by a generous amount of permanent creepage dis- 
tance in the span wire insulation—a crecpage distance whose 
amount will not be reduced nor impaired by any electrolytic 
action in or around the strain insulator as it has been scen occurs 
on the underside of the cone in the hanger insulation when the 
surface is covered with a conducting film of metal or metallic 
salt from electrolytic action on the boss of the brass ear. 

One factor is often overlooked that helps to neutralize the 
results of creepage—the insulation of the iron pole itself. Соп- 
crete is a fair insulator when dry but unless there is a layer of 
it under the pole the pole is not insulated as well as it could 
- reasonably be. This concrete setting, as far as it goes, is a pro- 
tective against the electrolytic injury to the wires and hangers 
above. | 

Leakage ground is not confined to iron poles but occurs 
on wooden poles on which there should always be a sufficient 
strain insulator in the span wire at either end. In the case of 
iron poles, if one strain insulator does not suffice two should 
be used, one about two feet from the trolley and one six feet 
from the pole. If two do not check the corrosion at the hanger 
and elsewhere on the span wire, insulators with more creepage 
distance over their insulated parts should be used as, for example, 
long wooden insulators. These latter, however, lack the tensile 
strength and the interlinking feature of the disk or cubical or 
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'" goose egg " porcelain strain insulators. Disk insulators are 
heavier, more expensive and more liable to fracture from stones 
or wild trolley poles than the other kinds. | 

All galvanized iron strand intended for overhead use in соп- 
nection with electric railway work is given by some companies 
two coats of linseed oil paint by dipping the wire, previously 
made up in coils of conveniently portable size, in a bath of paint, 
allowing the first coat to dry and dipping the wire a second time. 
It costs far less to apply the paint bv immersion than with brushes 
by men on ladders or tower-wagons after the wire is in place. 
A paint giving the best results is the ordinary pole paint made 
with linseed oil as a vehicle and a metal oxide as a filler. 

All joints made by the linemen in galvanized wires or cables 
should be painted at least one coat. The zinc of the galvanizing 
is scraped off the wires by the pliers, and unless painted, local 
action begins at once. All overhead parts should be painted 
before being installed and when poles are painted all wire and 
all cable joints, strain insulators, etc. within reach of the painters 
should be covered liberally with paint. This linseed oil harms 
nothing, is a good insulator and is the best known metal preserva- 
tive. Local action will commence at once where the zinc 
covering has been abraded in handling the galvanized article. 
The covering of paint prevents this action from taking place 
by keeping the electrolyte from contact with the dissimilar metals 
in the injured surfaces. 

There is another form of overhead electrolytic action met with 
in wires used in.electric railway work. This is caused by the 
use of dissimilar metals in contact. Galvanized iron cables 
attached to the brass eyes of curve hangers, of spherical strain 
insulators etc. leads to rapid rusting off of the wire at the point 
of contact. The sulphuric acid found in the air of cities from 
the combustion of coal, from the escaping fumes of chemical 
works, the salt spray and ozone from a nearby ocean, etc. are 
thought to be the electrolytes that serve to start a local battery 
action. This action probably explains some of the corrosion 
at the thread of the hanger bolt that results in loose hangers in 
the ears. 

The logical remedy for this is to use similar metals in contact— 
galvanized iron cable with galvanized iron parts and copper 
or bronze cable with brass parts. The local action will then 
bea minimum. Applying a heavy oil to the thread of the hanger 
stud when screwing it into the brass ear is a palliative by neutral- 
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izing the electrolyte. As copper guy or span wires are more 
expensive than galvanized iron ones and do not withstand 
the blows from wild trolley poles as well, brass parts had better 
be replaced by galvanized iron ones for all overhead trolley work. 

It is logical to believe and difficult to disprove that some of 
the wasting away of the iron pole at the top of the concrete 
setting, that sometimes scems to defy the painters and is often 
charged to the dogs, may be due in part at least to electrolysis, 
the leaking current passing from the iron of the pole along 
the damp surface of the ground toward the rails. Exceptionally 
rusty pole bases in spite of usual attention from the painters 
should justify investigations being made into the condition of 
the insulation in the span wire and at the ear. 

Іп San Francisco these problems presented themselves early 
in electric railway experience and have been solved one after 
the other, producing not only improved conditions electrically 
but increased strength mechanically, reduced original cost, re- 
duced maintenance cost and both greater safety for the workmen 
and greater rapidity of work. The first problem taken up was 
the electrolysis from the combination of the brass eye in the 
strain insulator and the galvanized iron strand. The galvanized 
. Strand corroded at an extraordinary rate in the brass insulator 
eye. This was remedied by having galvanized iron eves used 
in the strain insulators in place of the brass eves. Here there 
were two gains. The iron eve was stronger than the brass eye 
and the galvanized strand lasted longer in the iron eve than it 
did in the brass one. 

The second problem was the failure of the strain insulators 
due to the heaving action of the iron oxide at the positive end 
of the insulator as already described. 

For long periods during the summer months the heavy salt 
fog lay on the land near the ocean and kept the surfaces of these 
insulators bathed in moisture. The growing oxide forced the 
composition insulation open in numerous crevices and when the 
first winter rains came there were many hot poles reported on 
the system. The first rain storm of winter was a day to be dreaded 
by the linemen then. Between 1893 and 1901 everv kind 
of strain insulator on the market was tried and found wanting— 
mica, composition, globe, Brooklvn etc. In 1901 a cheap glass 
later displaced by a porcelain cubical or “ goose egg " strain 
insulator was adopted for all trolley work. Since then such a 
thing as a hot pole from a defective strain insulator has been un- 
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SINGLE LINK FOR SMALL PORCELAIN INSULATOR. 

SINGLE LINK, SMALL INSULATOR AND SPAN WIRE INSTALLED ON 
POLE BAND. 

DOUBLE LINK FOR SMALL INSULATOR. 

DOUBLE LINK, SMALL INSULATORS AND No. 0000 STRANDED COPPER 
FEED-IN OR TAP-OFF CABLE USED AS A SPAN WIFE. 

TRIPLE LINK WITH TRIANGULAR LINK FOR LARGE INSULATORS AT 
PULL-OFF OR STRAIN POLES USED TO SUPPORT OVERHEAD CURVES. 

SAME IN POSITION ON POLE. 
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TIONS. 

DOUBLE LINK AND LARGE INSULATORS USED IN DEAD-ENDING 
AND INSULATING 1,000,000-Сік. MIL CABLE. 
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heard of during rain storms or at all. The сгеераре distance 
was no longer on the porcelain strains, insulators, in fact, nor 
half as long as on the globe strain, insulators that were displaced, 
but the creepage current did no harm to the vitreous insulator, 
was entirely on the exterior of the insulator and when the rain 
came there were no crevices or exposed fibrous surfaces to ab- 
sorb moisture and facilitate leakage. The rain washed off the 
porcelain insulator and improved its insulating qualities if 
anything. 

When there was a little or no fog a single porcelain insulator 
was used at each end of the span wire. Where the fog was 
heavier or there was feeding cable from a feeder used as a span 
wire two insulators were used in series. On particularly exposed 
lines along the cliffs around the Golden Gate even two of these 
and of a larger size did not suffice, and long wood strains had to 
be substituted, but that story will come later. Recently a 
state law has been passed requiring a strain insulator two feet 
from each trolley wire in the span wire and one at each end of 
every guy wire or cable. The result of this will be at least two 
porcelain strain insulators between the trolley wire and the 
pole everywhere. 

The porcelain insulators referred to are of two sizes. To save 
the linemen’s time and to improve the appearance of the over- 
head construction hot dip galvanized wrought iron welded links 
were made for use with the porcelain insulators. These links 
seem to be as durable as the insulators and were made in the fol- 
lowing forms: single links for pole band attachment, double links 
for feeding. at the pole or for feeder cable dead-ends, triple links 
with triangular bull-ring for curve pull-oif poles. The links for 
the small insulators were made of 3-1. and for the large ones of 
3-in. round Norway iron. The triangular bull-rings were made 
of $-in. steel. 

The essential information relative to the two sizes of porcelain 
strain insulators referred to are as follows: 


omall Large. 
Diameter oen ac qe ЖАЛА 22 in. 34 in. 
Length.. сада е s p ur ACTED š in. 
Width аб grooves............ iin. 9 1n. 
Weir Di. sse dup ES AGREE ES 1} Ib. З lbs. 
Crushing test. 12,000 Ib. 18,000 1b. 


Flash over test-new, dro dite 


Color............. 
Cost each........ 


10,000 volts. 
.. Dark brown. 
.. 41 cents. 


30,000 volts. 
Dark brown. 
231 cents. 
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The single link for the small insulator costs 10 cents and for 
the large one 15 cents. The smaller insulator is used in all 
spans and guys except those under extraordinary strain such as 
dead ends for trolley wires, 1,000,000-cir. mil cables etc. where 
the larger one 1s always found amply strong. 

The method of use of these insulators ensures interlinking of 
the metal parts and maintaining of the conductor in the air in 
case of fracture of the porcelain which seldom occurs. 

Where composition strain insulators are used, and from bitter 
experience the linemen have learned to know that their elec- | 
trical sufficiency or insufficiency cannot be safely inferred from 
their external appearance, these men are accustomed to test the 
span wire before beginning work by making a rapid electrical 
connection from the trolley wire to the span wire with the opened 
handles of their connectors or gas tongs. 

With porcelain insulators in the spans such tests are 
never required nor made by the men, as a glance at the insulator 
is all that is necessary. If the porcelain insulator is in place it 
must be intact and its insulation makes the span wire safe to 
handle without danger of it proving to be connected to the earth: 
Its external appearance is satisfactory evidence of its electrical 
sufficiency. The linemen also save the time formerly spent in 
testing the insulation of the span wires. 

Further, there is little or no danger of the porcelain insulator 
failing while the men are working on its span wire, however 
old the insulator may be or however long it has been 1n service. 
A rifle bullet a blow from a stone thrown at it, or from a wild 
trolley pole are the only causes of injury to these insulators met 
with 1n our experience, and there are very few breakages indeed— 
hardly one-tenth of one per cent. j 

During the great San Francisco fire of 1906, all the expensive 
composition strain insulators, and in fact, all composition over- 
head parts such as caps, cones, one-piece hangers etc. swelled 
up under the heat and went out of business as electrical insulators 
whereas most of the cheap porcelain strain insulators passed 
through the ordeal safely and were gladly used again in the re- 
construction, as the stocks of overhead material in our storeroom 
and those in the storerooms of all the local supply men had been 
destroyed. 

The fact that these porcelain insulators in the span wires had 
withstood the flames enabled the main crosstown line to be put 
in service in less than 24 hours from the time the conflagration 
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subsided. The new trolley wire has used tied to the span wires 
with the temporary construction wire ties only, the porcelain 
strains at each end of the spans furnishing sufficient insulation 
between the trolley and the iron poles until the lacking hangers- 
and ears could be obtained from outside the city. 

From an ever expanding fourteen years experience with porce- 
lain for all 500 volt d-c. electric railway strain insulator work, 
except extreme fog conditions, it has been proved in San Fran- 
cisco practise, where there is neither snow, ice nor sleet and but 
little lightning, that porcelain is the best material for the pur- 
pose. | 

It 1s incombustible, nearly indestructible, invulnerable to 
atmospheric actions, requiring no original or subsequent pre- 
servative treatment, painting, testing or other attention, having 
higher compressive strength combined with small dimensions, 
protecting by the interlocking metal parts the conductors from 
falling, preserving the workmen from unexpected electrical 
shocks or waste of their time in determining the condition of the 
insulation by test, being cheaper to buy, costing nothing to main- 
tain and enduring forever as good as when new. 

The change in 1901 to porcelain as the exclusive material for 
strain insulator uses marked as important an advance in the art. 
of keeping down the cost of maintaining the overhead construc- 
tion of the trolley lines in San Francisco as the advent of the 
clinched ear in place of the soldered ear did a few years later. 

The creepage distance from conductor to conductor on the 
smaller porcelain strain is only about š of an inch. On our 
ocean exposed line skirting the Golden Gate we used the larger 
insulator on which the creepage distance was 2 inches. This 
did not prevent the rapid corrosion of the galvanized support 
cables. 

In San Francisco fog practise, the size of the span wire has’ 
been increased from } to 5/16 to š inch and of guys from 5/16: 
to š to š inch in order to lengthen the life of these cables. 

On this Cliff Line the overhead strand lasted only about two 
years. When one large porcelain did not answer, two in series 
were tried on this wood pole construction. Then wood strain 
insulators five inches between heads were tried only to have the 
iron heads corrode off rapidly. Wood strain insulators 153 
inches between heads really seemed to increase the life of the 
galvanized strand although the heads toward the trolley wise 
showed the characteristic electrolytic action and a heavy iron 
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oxide quickly accumulated over the sherardizing, the insulator 
heads toward the pole remaining normal. 

We are now making homemade wood strain insulators 24 
inches between conductors that are expected to ensure reasonable 
durability to these exposed “Extra” galvanized cables which, 
it should be stated, had been painted two heavy coats of linseed 
oil paint by dipping, previous to being put in place, as is done 
with all the strand of all sizes that is used in the overhead work. 

These wood strain insulators last referred to are made of maple 
and boiled 24 hours and cooled off in linseed ой before being 
painted. They are 2 š in. thick, octagonal in section and pass a 
tensile strength test of 5000 pounds without showing any signs 
of distress. | 

It perhaps should be’ made clear that the porcelain insulator 
is subject to the same limitations as to protective power, accord- 
ing to creepage distance, as other forms of strain insulation. 
Where this distance is insufficient for the fog conditions met with, 
the conductor on the positive or trolley wire side of the insulator 
will be gradually weakened by the electrolytic action already 
described. This progressive deterioration is always visible, 
however, in the porcelain insulator construction, and the failing 
cable is usually replaced by a sound piece before the span or guy 
breaks. An additional insulator or one with longer creepage 
distance can be inserted at this time if the conditions seem to 
justify it. 

In the absence of fog, this electrolytic weakening of the span 
docs not become serious, and there are many cases in San Fran- 
cisco outside the fire zone of 1906, where the original single small 
glass insulator per span, and original span wire installed thirteen 
years ago, are still in use and in satisfactory condition. 
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PHYSICAL LIMITATIONS IN D-C. COMMUTATING 
MACHINERY 


BY B. G. LAMME 


ABSTRACT OF PAPER 


In direct-current machines, there are a number of apparently 
distinct limitations, such as sparking at brushes, flashing at 
the commutator, burning and blackening of the commutator 
face, picking up of copper, etc. which, in reality, are very in- 
timately related to each other. The principal object of the 
paper 1s to bring out such relationships and to show that all 
these actions are special cases of well known phenomena. 

The theory of commutation is considered only in its relation 
to the e.m.fs. generated in the coils short circuited by the 
brush; and the. limiting e.m.fs. per commutator bar and рег, 
brush are shown to be fixed principally by brush contact re- 
sistance. The effects of the negative coefficient of the contact 
resistance is also referred to briefly. 

Flashing due to various causes 1$ next taken up, and the re- 
lations between the maximum volts per bar and flashing con- 
ditions is indicated, both from test and general experience. 
Flashing due to various other causes, such as interrupting the 
eireuit, etc. is also considered. 

Burning and blackening of commutators, high mica, picking 
up of copper, etc. are treated in detail, and these actions are 
shown to be very closely related to the commutation limits de- 
rived in the earher part of the paper. 

Noise, vibration, etc. are also considered as limitations in 
design of d-c. apparatus. In approaching the ultimate design, 
these limitations become increasingly prominent. 

Flickering of voltage and winking of lights are two well- 
known actions in direct-current practise. А simple explana- 
tion of the winking of lights (not original with the author) is 
given with the results of tests on a generator with well pro- 
portioned compensating windings in the pole faces. Apparent- 
ly the difficulty is a fundamental one, апа is hable to occur in 
all types of d-c. machines. 

In conclusion, a brief chapter is given on design limitations 
as fixed by commutator peripheral speed. This applies par- 
ticularly to large capacity high-voltage machines. 

An appendix is added covering a method for determining the 
maximum capacity of d-c. machines in terms of the short cir- 
cuit. volts per commutator bar when the various constants in 
the machine are given certain limiting values. The results 
show that 1n large high-speed machines, the maximum capacity 
is considerably above present practise. 


М DIRECT-current commutating machinery there are 
many limitations in practical design which cannot be 
exceeded without undue risk in. operating characteristics. 
Manuscript of this paper was received July 15, 1915. 
1559 


1560 | LAMME: COMMUTATION [Sept. 16 


Many of these limits are not sharply defined in practise, due, in 
тапу cases, to the impossibility of taking advantage of all the 
helpful conditions and of avoiding the objectionable ones. There 
are many minor conditions which affect the permissible limits 
of operation, which are practically beyond the scope of reliable 
calculation. Usually, such conditions are recognized, and al- 
lowance is made for them. It is the purpose of this paper to 
treat of some of the major, as well as minor, conditions which 
must be taken into account in advanced direct-current design. 
These are so numerous, and are so interwoven, that it is difficult 
to present them in any consccutive order. 

Probably the most serious limitation encountered in direct- 
current electric machinery is that of commutation. This is an 
electrical problem primarily, but in carrying any design of direct- 
current machine to the utmost, certain limitations are found 
which are, to a certain extent, dependent upon the physical 
characteristics of materials, constructions, etc. 

A second limitation which is usually considered as primarily 
an electrical one, namely, flashing, (and bucking) is in reality 
fixed as much by physical as by purely electrical conditions. 

A third limitation 1s found in blackening and burning of com- 
mutators, burning and honcycombing of brushes, etc. These 
actions are, to a certain extent, electrical, but are partly physical 
and mechanical, as distinguished from purely electrical. 

There are many other limiting conditions dependent upon 
speed, voltage, output per pole, quality or kind of materials 
used, etc. As indicated before, these cannot all be treated 
separately and individually, as they are too closely related to 
other characteristics and limitations. 


CoMMUTATION' AND COMMUTATION LIMITS 


In dealing with the limits of commutation, it is unnecessary 
to go into the theory of commutation, except to indicate the 
general idea upon which the following treatment is based. This 
has been given more fully clsewherc,* and therefore the following 
brief treatment will probably be sufficient for all that is required 
in this paper. 

In this theory it is considered that the armature winding as a 
whole tends to set up a magnetic ficld when carrying current, 
and that the armature conductors cutting this magnetic field 


*A Theory of Commutation and Its Application to Interpolar Machines 
by B. G. Lamme, A. I. E. E. October, 1911. 
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will generate e.m.fs. just аз when cutting any magnetic field. 
From consideration of the armature magnetomotive force alone, 
the flux or field set up by this winding would have a maximum 
value over those armature conductors which are connected to 
the brushes. If the magnetic conditions or paths surrounding 
the armature were equally good at all points, this would be true. 
However, with the usual interpolar spaces in direct-current 
machines, the magnetic paths above the commutated coils are 
usually of higher reluctance than elsewhere. However, what- 
ever the magnetic conditions, the tendency of the armature 
magnetomotive force is to establish magnetic fluxes, and, if 
any field is established in the commutating zone by the armature 
winding, then those armature coils cutting this field will have 
e.m.fs. generated in them proportional to the field which is cut. 
As part of this armature flux is across the armature slots them- 
selves, and part is around the end windings, both of which are 
practically unaffected by the magnetic path in the interpolar 
space above referred to, obviously, then no matter how poor the 
magnetic paths in the interpolar space above the core may be 
made, there will always be e.m.fs. generated on account of that 
part of the armature flux which is not affected by those paths. 
In the coils short circuited by the brushes, these e.m.fs. will 
naturally tend to set up local or short circuit currents during the 
interval of short circuit. 

In good commutation, as the commutator bars connected to 
the two ends of an armature coil which is carrying current in a 
given direction, pass under the brush, the current in the coil 
itself should dic down at practically a uniform rate, to zero value 
at a point corresponding to the middle of the brush, and it should 
then increase at a uniform rate to its normal value in the opposite 
direction by the time that the short circuit is opened as the coil 
passes from under the brush. This may be considered as the 
ideal or straight line reversal or commutation which, however, 
is only approximated in actual practice. This gives uniform 
current distribution over the brush face. 

If no corrective actions are present, then the coil while under 
the brush tends to carry current in the same direction as before 
its terminals were short circuited. In addition, the short circuit 
current in the coil, due to cutting the armature flux, tends to add 
to the normal or work current before reversal occurs. The 
resultant current in the coil is thus not only continued in the 
same direction as before, but tends to have an increased value. 
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Thus the conditions at the moment that the coil passes out from 
under the short circuiting brush are much worse than if no short 
circuit current were generated. The reversal of the current 
would thus be almost instantaneous instead of being gradual as 
called for by the ideal commutation, and the resultant current 
reversed much greater than the work current alone. However, 
the introduction of resistance into the local circuit will greatly 
assist in the reversal as will be illustrated later. The ideal condi- 
tion however, is obtained by the introduction of an opposing 
e.m.f. into the local short circuited path, thus neutralizing the 
tendency of the work current to continue in its former direction. 

As this opposing e.m.f. must be in the reverse direction to 
the short circuit c.m.f. which would set up by cutting the arma- 
ture magnetic field, it follows that where commutation is accomp- 
lished bay means of such an e.m.f. it is necessary to provide a 
magnetic ficld opposite in direction to the armature field for 
setting up the commutating current. This may be obtained in 
various ways, such as shifting the brushes forward (or backward) 
until the commutated coil comes under an external field of the 
right direction and value, which is the usual practise in non- 
commutating pole machines; or a special commutating field of 
the right direction and value may be provided, this being the 
practise in commutating pole and in some tvpes of compensated 
field machines. When the commutating e.m.f. is obtained bv 
shifting the commutated coil under the main field, only average 
conditions may be obtained for different loads; whereas, with 
suitable commutating poles or compensating windings, suffi- 
ciently correct commutating e.m.fs. can be obtained over a 
very wide range of operation. 

In practise, it is difficult to obtain magnetic conditions such 
that an ideal neutralizing e.m.f. is generated. However, the usc 
of a relatively high resistance in the short circuited path of the 
commutated coil very greatly simplifies the problem. If the 
resistance of the coil itself were the only limit, then a relatively 
low magnetic field cut bv the short circuited coil would generate 
sufficient e.m.f. to circulate an excessively large local current. 
Since such current might be from 10 to 50 times as great as the 
normal work current, depending upon the size of machine, it 
would necessarily add enormously to the difficulties of commuta- 
tion whether it is in the same direction as the work current or is 
in opposition. To illustrate the effect of resistance, assume, for 
example, a short circuit e.m.f. in the commutated coil of two 
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volts, and also assume that a copper brush of negligible resist- 
ance short circuits the coil, so that the resistance of the short 
circuited coil itsclf practically limits the current to a value 20 
times as large as the work current. Now replace this copper 
brush with one giving about 20 times as large a resistance (some 
form of graphite or carbon brush) then the total resistance in 
circuit is such that the short circuit current is cut down to a 
value about equal to that of the work current. This at once 
gives a much easier condition of commutation, even without any 
reversing field; while with such field, it 1s evident that extreme 
accuracy in proportioning is not necessary. Thus a relatively 
high resistance brush—or brush contact, rather—is of very great 
help in commutation; especially so in large capacity machines 
where the coil resistance is necessarily very low. In very small 
machines, the resistance of the individual armature coils has 
quite an influence in limiting the short circuit current. 

It is in its high contact resistance that the carbon brush is 
such an important factor in the commutating machine. Usually, 
it is the resistance of the brush that is referred to as an important 
factor in assisting commutation. In reality, it is the resistance 
of the contact between the brush and commutator face which 
must be considered, and not that of the brush itself, which usually 
is of very much lower resistance, relatively. As this contact re- 
sistance or drop will be referred to very frequently in the fol- 
lowing, and as the brush resistance itself will be considered 
in but a few instances, the terms “ brush resistance " and 
“ brush drop " will mean contact resistance and contact drop 
respectively, unless otherwise specified. 

Short Circuit Volts per Commutator Bar. Аз stated before 
the armature short circuit e.m.f. per coil, or per commutator 
bar, is due to cutting a number of different magnetic fluxes, such 
as those of the end windings, those of the armature slots, and 
those over the armature core adjacent to the commutating zone. 
Each of these fluxes represent different conditions and distri- 
butions, and therefore the individual e.m.fs. generated by them 
may not be coincident in time phase. Therefore, the resultant 
e.m.f. usually may not be represented by any simple graphical 
or mathematical expression. 

When an external flux or field is superimposed on the armature 
in the commutating zone, it may be considcred as setting up an 
additional e.m.f. which may be added to, or subtracted from, 
the resultant short circuit e.m.f. due to the armature fluxes. 


1564 LAMME: COMMUTATION [Sept. 16 


These component e.m.fs. are not really generated separately 
in the armature coils, for the external flux combines with part 
of the armature flux, so that the armature coil simply generates 
an e.m.f. due to the resultant flux. However, as part of the 
armature short circuit e.m.f. is generated by fluxes which do not 
combine with any external flux, as in the end winding, for 1n- 
stance, it follows that, to a certain extent, separate e.m.fs. are 
actually generated in the armature winding in different parts of 
the coil. For purposes of analysis, there are advantages in 
considering that all the e.m.fs. in the short circuited armature 
coil are generated separately by the various fluxes. А better 
quantitative 1dea of the actions which are taking place is thus 
obtained, and the permissible limitations are more easily seen. 
In the following treatment, these component e.m.fs. will be 
considered separately. As that component, due to cutting the 
various armature fluxes, will be referred to very frequently 
hereafter, it will be called the “apparent " armature ‘short 
circuit e.m.f. per coil, or in abbreviated form, ‘‘ the apparent 
short circuit e.m.f." In practise, on account of the complexity 
of the separate elements which make up the apparent short 
circuit e.m.f., it is very difficult, or in many cases, impossible, 
to entirely neutralize or balance it at all instants by means of an 
e.m.f. generated by an extrancous field or flux of a definite distri- 
bution. Therefore, it should be borne in mind that, in practise, 
only an approximate or average balance betwcen the two com- 
ponent e.m.fs. is possible. With such average balance there are 
liable to be all sorts of minor pulsations in e.m.f. which tend to 
produce local currents and which must be taken care of by means 
of the brush resistance. Pulsations or variations in either of the 
component e.m.fs. are due to various minor causes, such as the 
varying magnetic conditions which result from a rotating open 
slot armature, from cross magnetizing and other distorting effects 
under the commutating poles, variations in air-gap reluctance 
under the commutating poles, pulsations in the main field reluc- 
tance causing development of secondary e.m.fs. in the short 
circuited coils, etc. Some of these conditions are liable to be 
present in every machine; some which would otherwise tend to 
give favorable conditions as regards commutation, are partic- 
ularly liable to set up minor pulsations in the short circuit e.m f. 
Therefore, brushes of high enough resistance to take care of the 
short circuit e.m.f. pulsations are a requisite of the present types | 
of d-c. machines, and it may be assumed that there is but little 
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prospect of so improving the conditions in general that relatively 
high resistance brushes, or their equivalent, may be discarded. 
It is only on very special types of machines that low resistance 
brushes can be used. 

With ideal or perfect commutation, the two component e.m.fs. 
in the short circuited coil should balance each other at all times. 
However, as stated before, this condition is never actually ob- 
tained, and the brush resistance must do the rest. With ideal 
commutation, the current distribution over the brush contact 
face should be practically uniform, and a series of voltage read- 
ings between the brush tip and commutator face should show 
uniform drops over the whole brush face. In most cases in 
practise however, such voltage readings will be only averages. 
For example, instead of a contact drop of one volt at a given 
point, the actual voltage may be varying from zero to two volts, 
or possibly from minus one volt to plus three volts. These 
pulsating e.m.fs. will result in high frequency local currents, 
which have only a harmful influence on the commutation and 
commutator and brushes. "These pulsations may be assumed 
to be roughly related in value to the apparent short circuit 
volts generated by the armature conductor. In other words, 
the higher the apparent short circuit volts per conductor, the 
larger these pulsations are liable to be. As the currents set up 
by these pulsations must be limited largely by the brush contact 
resistance, it is obvious that there is a limit to the pulsations 
in voltage, beyond which the current set up by them may be 
harmful. A very crude practise, and vet possibly, the only 
fairly safe one, has been to set an upper limit to the apparent 
short circuit volts per bar, this limit varying to some extent with 
the conditions of service, such as high peak loads of short dura- 
tion, overloads of considerable period, continuous operation, etc. 
Experience has shown that in commutating pole machines, the 
apparent short circuit voltages per turn may be as high as four 
to four-and-one-half volts, with usually but small evidence of 
local high frequency currents, as indicated by the condition of 
the brush face. If this polishes brightly, and the commutator 
face does not tend to '' smut,” then apparently the local currents 
are not excessive. However, in individual cases, the above 
limits have been very considerably exceeded in continuous opera- 
tion, while, in exceptional cases, even with apparently well 
proportioned commutating poles, there has been evidence of 
considerable local current at less than four volts per bar. 
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The contact drop between brush and commutator with the 
usual brushes is about 1 to 1.25 volts. As is well known, this 
drop is not directly proportional to the current, but increases 
only slowly with very considerable increases in current density 
at the brush contact. For instance, with 20 amperes per sq. in. 
in a given brush, the contact drop may be опе volt; at 40 amperes 
per square inch, it may be 1.25 volts, while at 100 amperes per 
square inch, it may be 1.4 volts, and, with materially higher 
currents, it may increase but little further. This peculiar prop- 
erty of the brush contact is, in some ways, very much of a dis- 
advantage. For instance, if the local currents are to be limited 
to a comparatively low density, then necessarily the voltages . 
generating such currents must be kept comparatively low. With 
the above brush contact characteristics, two volts would allow 
a local current of 20 amperes per square inch to flow, (there being 
one volt drop from brush to commutator and one volt back to 
the brush). If, however, the local voltage is three volts instead 
of two, or only 50 per cent higher, then a local current of possibly 
150 to 200 amperes per square inch may flow, and this excessive 
current density may destrov the brush contact, as will be de- 
scribed later. 

It may be assumed in general that the lower the apparent short 
circuit voltage per armature conductor, the Jower the pulsations 
in this voltage are liable to be. Assuming therefore, as a rough 
approximation a 50 per cent pulsation as hable to occur, then, 
from the standpoint of brush contact drop, the total apparent 
` voltage of the commutated coil in continuous service machines 
should not be more than 4 to 43 volts, which accords pretty well 
with practise. For intermittent services, such as railway, 
materially higher voltages are not unusual. 

As the main advantage of the carbon brush is that it determines 
or limits the amount of short circuit current, it might be ques- 
tioned whether such advantage might not be carried much fur- 
ther by using higher short circuit voltages and proportionately 
greater resistance. However, there are reasons why this cannot 
be done. The carbon brush 1$ a resistance in the path of the 
local current, but it is also in the path of the work current. As 
the brush resistance is increased, the greater is the short circuit 
voltage which can be taken careof with a given limitin short circuit 
current, but at the same time, the loss due to the work current is 
increased. Decreasing the resistance of the brush contact in- 
creases the loss due to the short circuit current, but decreases 
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that due to the work current. Thus, in each individual case, 
there is some particular brush resistance which gives minimum 
loss. However, this may not always be the resistance desired 
for best commutation, from the operating standpoint, but these 
two conditions of resistance appear to Пе fairly close together. 
Practise is a continual compromise on this question of brush con- 
tact resistance. In some machines, a low resistance brush 1S 
practicable, with consequent low loss due to work current. In 
other cases, which, to the layman, would appear to be exactly 
similar, higher resistance brushes give better average results. 
Thus one grade of carbon brush is not the most suitable for dif- 
ferent machines unless they have similar commutating condi- 
tions. However, it is impracticable to design all machines of 
different speeds, types, or capacities so that they will have equal 
commutating characteristics. In non-commutating pole ma- 
chines where only average commutating fluxes are obtainable, 
the resistance of the brush is usually of more importance than 
in the commutating pole type, for, in the latter, a means 1$ pro- 
vided for controlling the value of the short circuit current. How- 
ever, advantage has been taken of this latter fact to such an 
extent in modtrn commutating pole machines, that the critical 
or best brush resistance has again become a very important 
condition of design and operation. 

“ Apparent” Short Circuit e.m.f. per Brush. The preceding 
considerations lead up to another limitation, namely, the total 
e.m.f. short circuited by the brush. This again mav be considered 
as being made up of two components,—the apparent short 
circuit e.m.f. per bar times the average number of bars covered 
by the brush, hereafter called “ The apparent short circuit 
e.m.f. per brush ”; and the e.m.f. per bar generated by the com- 
mutating field, times the average number of bars covered by 
the brush. 

As has been shown, ordinary carbon brushes can short circuit 
2 to 24 volts without excessive local current. Obviously, if the 
resultant e.m.f. generated in all the coils short circuited by the 
brush,—that 1s, the resultant of the short circuit e.m.fs., due to 
both the armature and the commutating field is much larger 
than 23 volts, large local currents will flow. ^ Therefore, in a 
commutatinp pole machine, for instance, the strength of the 
commutating pole field should always be such that it also 
neutralizes the total short circuit e.m.f. across the brush within 
a limit represented by the brush contact drop, in order to keep 
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within the limits of permissible local currents. With very 
low resistance brushes, the proportioning of the commutating 
field for neutralization of the apparent brush e.m.f. would 
have to be much closer than with higher resistance brushes. 
Moreover, not only should this e.m.f. generated by the com- 
mutating flux balance the total short circuit voltage across the 
brush within these prescribed limits, but these limits should 
not be exceeded anywhere under the brush. 

It might be assumed that if there is a pulsation of two volts 
per coil, for instance, then the total pulsation would be equal 
to this value times the average number of coils short circuited. 
However, this in general is not correct, as the e.m.f. pulsations 
for the different coils are not in phase, and their resultant may 
be but little larger than for a single coil. 

Based upon the foregoing considerations, the limiting values 
of the apparent brush e.m.f. may be approximated as follows: 
Assume ordinary carbon brushes with 1 to 1} volts drop with 
permissible current densities—that is, with 2 to 23 volts oppos- 
ing action as regards local currents. Also, assume, for example, 
an apparent brush short circuit e.m.f. of 5 volts, with brush 
resistance sufficient to take care of 21 volts. Then the total 
e.m.f. due to the commutating flux need not be closer than 50 
per cent of the theoretically correct value, with permissible 
local currents. This is a comparatively easy condition, for it 
is a relatively poor design of machine in which the commutating 
pole strength cannot be brought within 50 per cent of the right 
value. Assuming next, an apparent brush e.m.f. of 10 volts, 
then the commutating pole must be proportioned within 25 
per cent of the right value. In practise, this also appears to 
be feasible, without undue care and refinement in proportion- 
ing the commutating field. If this machine never carried any 
overload, this 25 per cent approximation would represent a 
relatively easy condition, for experience has shown that pro- 
portioning within 10 per cent is obtainable in some cases, which 
should allow an apparent brush e.m.f. of 25 volts as a limit. 
However, experience al:o shows that this latter is a compara- 
tively sensitive condition, which, while permissible on short 
peak loads, is not satisfactory for normal conditions. Where 
such close adjustment is necessary to keep within the brush 
correcting limits, anv rapid changes in load are liable to result 
in sensitive commutating conditions, for the commutating pole 
flux does not always rise and fall exactly ш time with the arma- 
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ture flux, and thus momentary unbalanced conditions of pos- 
sibly as high as 10 or 12 volts might occur with an apparent 
brush e.m.f. of 25 volts. Also, very slight saturation in the 
commutating pole magnetic circuit may have an unduly large 
influence on unbalancing the e.m.f. conditions. In other words, 
the apparent brush short circuit and neutralizing e.m.fs. must 
not be unduly high compared with the permissible corrective 
drop of the brushes. Experience shows that an apparent e.m.f. 
of 10 volts across the brush in well designed commutating pole 
machines is usually very satisfactory, while, in occasional cases, 
12 to 13 volts allow fair results on large machines, and, 1n rare 
cases, as high as 15 to 18 volts has been allowed on small ma- 
chines at normal rating. However, overloads, in some cases, 
limit this permissible apparent brush voltage. As a rule, 30 
volts across the brush on extreme overload 15 permissible, 
but, usually this is accompanied by some sparking, usually 
not of a very harmful nature if not of too long duration. Under 
such overload conditions, doubtless unbalancing of three volts 
or more may be permissible, and thus, with 30 volts to be 
neutralized, this means about 90 per cent theoretically correct 
proportioning of the commutating pole flux. Cases have been 
noted where as high as 35 to 40 apparent brush volts have been 
corrected by the commutating pole on heavy overloads with 
practically no sparking. This, however, is an abnormally good 
result, and 1s not often possible of attainment. Obviously with 
such high voltages to be corrected, any little discrepancies in 
the balancing action between the various e.m.fs. are liable to 
cause excessive local current flow. 

Incidentally, the above indicates pretty clearly why d-c. 
generators are liable to flash viciously when dead short cir- 
cuited. The ordinary large capacity machine can give 20 to 
30 times rated full load current on short circuit. If this large 
current flows, then, neglecting saturation, the armature short 
circuit e.m.f. across the brush will be excessive. Assuming, 
for instance, a 10-volt limit for normal rating, then with only 
ten times full load current, the apparent short circuit e.m.f. 
would be 100 volts. The commutating pole, in the normal con- 
struction, does not have flux margin of 10 times before high 
saturation is reached, and in consequence, it may neutralize 
only 50 to 60 volts of the 100. "Therefore a resultant actual 
e.m.f. of possibly 40 volts must be taken care of bv the brushes. 
This means an enormous short circuit current in addition to 
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the 10 times work current. Vaporization of the copper and 
brushes occurs and flashing results, as will be described more 
fully in the treatment of flashing limits. 

Brush contact drops of 1 to 1.5 volts have been assumed 
in the preceding, and certain limits in the apparent short cir- 
cuit e.m.f. based on these drops, have been discussed. How- 
ever, the conditions may be modified to a considerable extent 
by effects of temperature upon the brush contact resistance. 
Usually it has been assumed that the well known decrease in 
contact resistance of carbon and graphite brushes with increase 
in temperature, is in some ways related to the negative tem- 
perature coefficient of carbon and graphite. Тһе writer has 
been among those who advanced this idea, but later experience, 
based upon tests, has shown that the reduced drop with increase 
in temperature does not necessarily hold any relation to the 
negative temperature coefficient of the carbon brush itself, for 
similar changes in the contact drop have been found with ma- 
terials, other than carbon, which actually had, in themselves, 
positive temperature coefficients. Moreover, in some tests, 
the changes in contact resistance with increase in temperature 
have proved to be much greater in proportion than occurs 
in the carbons themselves. In some cases, the measured drops 
with temperature increases of less than 100 дер. сеп. decreased 
to one-half or one-third of the drops measured cold. 

Obviously, these decreased contact resistances or drops may 
have a very considerable effect on the amount of local current 
which can flow and, therefore, in such case the foregoing general 
deductions, should be modified accordingly. However, the 
results are so affected by the oxidation of the copper commutator 
face, and other conditions also more or less dependent upon 
temperature, that, as vet, no definite statement can be made 
regarding the practical effects of increase 1n temperature except 
the general one that the resistance 1s usually lowered to a con- 
siderable extent. Apparently, oxidation of the copper face 
tends toward higher contact resistance. Ofttimes, ‘ sanding 
off " the glaze tends to give poorer commutation. The above 
points to one explanation of this. 

Assuming any desired limits for the apparent e.m.fs., such as 
4 to 4$ volts per commutator bar, it is possible to approximate 
by calculation the limiting capacities of generators or motors in 
terms of speed, etc. Appendix I shows one method of doing 
this. Inthe writer's experience, a number of machines have been 
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carried up to about the limits derived in the appendix, and the 
practical results were in fair accord with the calculations. In 
general, it may be said that in large machines, the upper limits 
of capacity in terms of speed, etc. are so high that they do not 
indicate any great handicap on future practise. 

In the foregoing, the limits for the apparent short circuit e.m.f. 
per bar and per brush have been based upon the brush contact 
resistance. However, it may be suggested that something other 
than the brush contact resistance might be used for limiting the 
local current, and thus the commutating limits might be raised. 
For instance, an armature winding could be completely closed on 
itself, with high resistance leads carried from the winding to the 
commutator bars. Each of such leads 
would be in circuit only where the 
brushes touched the commutator 
bars. Thus there could be very con- 
siderable resistance in each lead with- 
out greatly increasing the total losses; 
and, unlike the brushes, each lead 
would be in circuit only for a very 
small proportion of the time. 

About 10 years ago, the writer de- 
signed a non-commutating pole d-c. 
turbo-generator with such resistance 
leads connected between the winding 
and the commutator. The leads were | 
placed in the armature slots below the 
main armature winding. The idea was 
to have enough resistance in circuit 
with the short circuited coils that the brushes at no load could be 
thrown well forward into a field flux sufficient to produce good 
commutation at heavy load, even if very low resistance brushes 
were used. Tests of this machine showed that the non-sparking 
range, with the brushes shifted either forward or back of the 
neutral point was very much greater than in an ordinary machine. 
In this case, it developed that the leads were of too high resistance 
for practical purposes, as the armature ran too hot, the heat-dis- 
sipating conditions in a small d-c. turbo-armature not being any 
too good at best. "These tests however, indicate one possibility 
in the way of increasing the present limits of voltage per bar and 
volts across the brush. Moreover, such resistances can have а 
positive temperature coefficient of resistance, instead of the 
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negative one of the carbon brushes and contacts. Also, the 
corrective action in limiting local currents would vary directly 
with the current over any range, and not reach a limit, as in car- 
bon brushes. | 

Considerable experience with resistance leads in d-c. operation 
has also been obtained in large a-c. commutator type railway 
motors, designed for operation on both a-c. and d-c. circuits. 
Apparently these leads have a very appreciable balancing action 
as regards division of current between brush arms in parallel. 
With but few brushes per arm, it appears that very high current 
densities in the brushes can be used without undue glowing or 
honeycombing. Presumably the reduction in short circuit 
current, when operating on d-c., also has much to do with this. 
Some special tests were made along this line, and it was found that 
a very low resistance in the leads, compared with that which was 
best for a-c. operation, was sufficient to exert quite a decided 
balancing between the brush arms. e 

With properly proportioned resistance leads it should be pos- 
sible to use very low resistance brushes, and relatively high 
current densities. Advantage of this might be taken in various 
ways. There may prove to be serious mechanical objections to 
such arrangements. However, if the objections are not too 
serious, the use of resistance leads in this manner may be prac- 
tised at some future time as we approach more extreme designs. 


FLASHING 


One of the limits in commutating machinery is flashing. This 
may be of several kinds. There may be a large arc or flash 
from the front edge of the brush, which may increase in volume 
until it becomes a flash-over to some other part of the machine. 
Again, a flash may originate between two adjacent bars at some 
point between the brush arms, and may not extend further, or 
it may grow into a general flashover. Different kinds of flashes 
may arise from radically different causes, some of which may be 
normally present in the machine, while others may be of an 
accidental nature. 

Whatever the initial cause, the flash itself means vaporized 
conducting material. If the heat developed by or in this vapor 
arc 15 sufficient to vaporize more conducting material—that is, 
generate more conducting vapor—then the arc or flash will grow 
or continue. Thus, true flashing should be associated with 
vaporization, and, in many cases, in order to get at the initial 
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cause of flashing, it is only necessary to find the initial cause of 
vaporization. 

Arcs Between Adjacent Commutator Bars. This being one of 
the easiest conditions to analyze, it will be treated first, especially 
as certain flashing conditions are dependent upon this. 

A not uncommon condition on commutators in operation 15 
a belt of incandescent material around the commutator, usually 
known as “ring fire.” This is really incandescent material 
between adjacent bars, such as carbon or graphite, scraped off 
the brush faces usually by the mica between bars. As the mica 
tends to stand slightly above the copper, due to less rapid “wear,” 
its natural action is to scrape carbon particles off the brush. 
These particles are conducting and if there is sufficient voltage, 
and current to bring them up to incandescence, this shows as a 
streak of fire around the commutator. In many cases, by its 
different intensities around the commutator, this ring fire shows 
plainly the density of the field flux, or e.m.f. distribution around 
the machine. It is practically zero in the commutating or 
neutral zone, and shows plainly under the main field. In loaded 
machines, this often indicates roughly the flux distortion. In 
machines-which act alternately as motors and generators, as in 
reversing mill work, the point of highest incandescence shifts 
forward or backward over the commutator, depending upon the 
direction of field distortion. 

In undercut commutators (those with mica cut below the cop- 
per surface) this ring fire 1s also observable at times, due to con- 
ducting particles in the slots between bars. Usually such 
particles consist of carbon or graphite, as already stated, but 
particles of copper may also be present. Also, oil or grease, mixed 
with carbon, will carbonize under incandescence, and will thus 
add to the ring fire. Often when a commutator is rubbed with 
an oiled cloth or wiper, ring fire will show very plainly, and then 
gradually die down. The burning oil exaggerates the action, 
and also, the oil itself may enable a conducting coating to adhere 
to the mica edges, thus starting the action, which disappears 
when the oil film is burned away. However, when the oil can 
penetrate the mica, the incandescence may continue in spots and 
at intervals, the mica being calcined or burned away so that it 
gradually disppears in spots. This is the action usually called 
“ pitting ’’, which experience has shown to be almost invariably 
caused by conducting material in the mica, such as carbonized 
oil, carbonized binding material, copper and carbon particles 
which have been carried in with the oil, etc. 
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This ring fire is not always a direct function of the voltage 
between bars, although, under exactly equivalent conditions of 
speed, grade of brushes, etc., it is closely allied with voltage condi- 
tions. In high voltage machines, usually hard high-resistance 
brushes are used, which tend to give off the least carbon in the 
form of particles; while in low voltage machines, soft, low-re- 
sistance brushes, with a good percentage of graphite in them, are 
common, and these naturally tend to coat the mica to a greater 
extent. 

Under extreme conditions, this ring fire may become so intense 
locally that there is an actual arc formed between two adjacent 
bars, due to vaporization of the copper. This may show in the 
form of minute copper beads at the edge of the bar, or minute 
“ pits or “ pockets " may be burned in the copper next to the 
mica. In extreme cases, where the voltage between bars is 
sufficient to maintain an arc, conical shaped 
cavities or holes may be burned in the | | | | | | | 
copper. In such cases, the arc is usually 
explosive, resembling somewhat a small 
" buck-over." An examination of the com- 
mutator will show melted-out places, as in 
Fig. 2. Part of the missing copper has 
been vaporized by the arc, while part may 
have become so softened or fused that it is 
thrown off by centrifugal force. Exper- 
ience shows that sometimes these explosives 
arcs grow into general flashes, while at other times, they are 
purely local. 

An extended study was made of such arcs to determine the 
conditions which produced them. Also, numerous tests were 
made, the results of which are given below. 

It was determined first that these explosives arcs between 
adjacent bars were dependent, in practically all cases, upon a 
fairly high voltage between bars. This was reasonable to expect, 
but it was found that the voltage between bars which would 
produce arcs in one case, would not dosoin another. Apparently 
there were other limiting or controlling conditions. It developed 
that the resistance of the armature winding between two adja- 
cent bars has much to do with the are. Apparently an excessive 
current is necessary to melt a small chunk out of a mass of good 
heat-conducting material like a large copper commutator; and 
also, a certain amount of time is required to bring it up to the 
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melting point. Therefore, both time and current are involved, 
as well as voltage. А series of tests was made to determine some 
of the limiting conditions. 

The commutator of a small machine (about 20 kw., high speed) 
was sprinkled with iron filings, fine dust, etc. during several 
days’ operation under various conditions of load, field distortion, 
etc. Such dust, whether conducting or not, apparently would not 
cause arcing between bars. Graphite was finally applied with a 
special “ wiper,” and with this, small arcs or flashes could be 
produced at 50 to 60 volts maximum between commutator bars. 
It soon became evident that this was too small a machine from 
which todraw conclusions. Thennumerous other much larger gen- 
eratorsweretested. А slow-speed engine type generator of 200-kw. 
capacity at 250 volts, was speeded up to about double speed, 
in order to obtain sufficiently high e.m.f. between commutator 
bars. With a clean commutator nothing was obtained at 40 
volts maximum per bar. The commutator was then wiped with 
a piece of oily waste which had been used to wipe off other com- 
mutators. Arcs then occurred repeatedly between commutator 
bars, although all such arcs were confined to adjacent bars and 
there were no actual flashovers from brush holder to brush holder. 
Moreover, the arcs always appeared to start about midway 
between brush arms or neutral points, and lasted only until the 
next neutral point was reached. Quite large pits or cavities 
were burned in the bars next to the mica, as shown in Fig. 2. 
some of these being possibly š inch in width, and 1/16 inch deep 
or more at the center. This indicated excessively large currents. 
These arcs would develop at about 32 to 34 volts between bars, 
and they were very vicious (explosive) above 35 volts. 

Still larger machines were tested with various speeds, voltage 
between bars, etc. It was found that, as a rule, the larger the 
machine—or rather, the lower the resistance of the armature 
winding per bar—the lower would be the voltage at which serious 
arcing would develop. In these tests, it was found that graphite 
mixed with grease gave the most sensitive arcing conditions. 

In these various tests, no arcing between bars was developed 
in any case at less than 28 volts maximum, while 30 volts was 
approximately the limit on many machines. However, the 
results varied with the speed. Apparently it took a certain time 
to raise the incandescent material to the arcing point and to build 
up a big arc. Therefore, the duration of the possible arcing 
period appeared to be involved. If this were so, then a higher 
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voltage limit for a shorter time should be possible with the same 
arcing tendency. Also, if this were the case, then with 30 volts 
maximum, for instance, between commutator bars with an un- 
distorted field flux, the arcing should be the same as with a some- 
what higher voltage with a highly distorted narrow peaked field. 
In other words, the limiting voltage between bars on a loaded 
machine might be somewhat higher than on an unloaded machine. 
This was actually found to be the case, the difference being from 
10 per cent to 15 per cent in several instances. This, however, 
depended upon various hmiting conditions such as the actual 
period within which the arc could build up to a destructive 
point, etc. 

One very interesting case developed which apparently illus- 
trated very beautifully the effects of lengthening or shorten- 
ing the period during which the arc could occur. A high-speed, 
600-volt generator of a motor-generator set was speeded up 
about 60 per cent above normal. Even at normal speed this 
was a rather high-frequency machine, so that the period of 
time for a commutator bar to pass from neutral point to neutral 
point was very short. At the highest speed the graphite-grease 
was used liberally on the commutator, but without causing arc- 
ing, even when the voltage was raised considerably higher 
than usually required for producing arcs between bars in other 
machines of similar size. Neither was there much ring-fire 
at the highest speed with normal voltage. Finally, after an 
application of graphite, without forming arcs or unusual ring- 
fire, the speed was reduced gradually with normal voltage 
maintained. The ring-fire increased with decrease in speed, until 
at about normal speed, it was so excessive that the on-lookers 
expected an explosion of some sort. , However, the voltage 
was now below the normal arcing point and nothing happened. 
At still lower speed, but with reduced voltage on account of 
saturation, the ring-fire gradually decreased. Apparently at 
the very high speeds, the time was too short for the ring-fire to 
reach its maximum; while with reduction in speed, even with 
‘somewhat reduced voltage, the ring-fire increased to a maxi- 
mum and then decreased. This test was continued sufficiently 
to be sure that it was not an accidental case. Only a certain 
combination of speed, frequency, voltage, etc. could develop 
this peculiar condition, and it was purely by accident that 
this combination was obtained, for the result was not foreseen 
in selecting the particular machine used. 
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A summation of these and other tests led to the conclusion 
that there were pretty definite limits to the maximum volts 
per bar, beyond which it was not safe to go. These limits 
however, involved such a number of conditions that no fixed 
rule could be established, and apparently, the designer has 
to use his judgment and experience to a certain extent, if he 
works very close to the limits. The grades and materials of 
the brushes, the thickness of the mica, flux distortion from over- 
loads, etc. must be taken into account. For instance, the above 
tests were made on machines with 1/32-inch mica between bars. 
This thickness is fixed, to a great extent, in non-undercut 
commutators, by conditions of mica wear, as will be referred 
to later. But with undercut commutators, thicker mica can 
be used, and, while the gain in permissible safe voltage between 
bars is not at all in proportion to the mica thickness, yet it 1s 
enough to deserve consideration. 

The general conclusions were that with 1/32-inch mica, 
large current machines would very rarely flash with 28 volts 
maximum bctween bars; while with moderate capacities, 30 
volts 1s about the lower limit; and with still smaller machines, 
100 kw. for example, this might be as high as 33 to 35 volts, 
the limit rising to 50 or 60 volts with very small machines. 

Of course, the brush conditions have something to do with 
the above limits, and many exceptions to these figures will be 
found in actual practise. Many machines are 1n daily service 
which are subject to more or less ring-fire, but which have never 
developed trouble of any sort, and doubtless never will. Ap- 
parently, ring-fire in itself is not harmful, as a rule. It 1s only 
where it starts some other trouble that it may be considered as 
actually objectionable. 

The above limiting figures are interesting when compared 
with the voltages necessary to establish arcs in general. An 
alternating arc through air will not usually maintain itself at 
less than some limiting voltage such as 20 to 25 volts, corres- 
ponding to peak values of 28 to 35 volts. Moreover, an arc 
formed between the edges of two insulated bodies, such as ad- 
jacent commutator bars, will naturally tend to rupture itself 
due to the shape of its path. Furthermore, the resistance and 
reactance of the short circuited path, while comparatively low 
in large machines, will tend to limit the voltage which main- 
tains the arc. In small machines with relatively high internal 
drops in the short circuited coils, the current will not reach a 
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commutator vaporizing value unless the initial voltage between 
bars is comparatively high, and usually the explosive actions 
are relatively small, and, in many cases, no serious arcs will 
develop at all. Obviously, the less the local current can in- 
crease in the case of short circuits between adjacent bars, the 
higher the voltage between bars can be, without danger. In 
machines having inherent constant current characteristics, very 
high voltages between adjacent commutator bars are possible 
without serious flashing or burning. In consequence, from the 
flashing standpoint, constant current machines can be built for 
enormously high terminal voltages, compared with constant 
potential machines. This is a point which is very commonly 
overlooked in discussing high-voltage d-c. machines. 

Coming back to the subject of arcs between commutator 
bars, these are more common than 1$ usually supposed, for, 
in many cases, the operating conditions are such that these 
arcs, if very small, or limited, will show no visible evidence. 
Only very minute particles of copper may be vaporized. How- 
ever, these minute arcs may sometimes lead directly to more 
serious flashing. If, for instance, they occur in proximity to 
some live part of the machine, such as an over-hanging brush 
holder which is at a considerable difference of potential from 
the arcing part of the commutator, the conducting vapor may 
bridge across and start a big arc or flash. In one instance, 
which the writer has in mind, a very serious case of trouble 
occurred in this way. This was a very large capacity 250- 
volt, low-speed, gencrator, in which the maximum volts per 
bar were not unduly high. When taking the saturation curve 
in the shop test, this machine “ bucked” viciously several 
times, apparently without reason. Ап investigation of the 
burning indicated a possible source of trouble. The brush 
holder arms or supports to which the individual holders were 
attached, were located over the commutator about midway 
between neutral points, and, about one inch from the com- 
mutator face. This was not the normal position of the brush 
arms, as a temporary set of holders was being used for this test. 
It was noted that just before the flashovers occurred, con- 
siderable ring-fire developed. The conclusion was drawn from 
all the evidence that could be obtai.:ed, that а small arc had 
formed between bars that had reached to the brush arms, thus 
short circuiting a high enough voltage to draw a real flash. 
This happened not once but several times. The proper holders 
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were then applied, which put the brush arms in a much less 
exposed position, and not a single flashover occurred іп all the 
subsequent tests and operation. In another case, a large syn- 
chronous converter carrying full load on shop test flashed over 
a number of times, apparently without sufficient cause. The 
commutation was perfect, as evidenced by the fact that there 
was no perceptible sparking. The maximum voltage between 
bars was comparatively low. At first the flashovers were 
blamed on drops of water from the roof of the building, but 
this theory was soon disproved. An examination of the brush 
holders showed that certain live parts, fairly close to the com- 
mutator, were at a considerable difference of potential from the 
nearest part of the commutator. There was but little ring- 
fire on the commutator, and therefore, minute arcs at first were 
not blamed for the trouble. A modified brush holder was tried 
however, with a view to decreasing the high difference of poten- 
tial between the live parts. All flashing then disappeared and 
no trouble of this sort was ever encountered in a large number 
of duplicate machines brought through afterwards. Both the 
above cases should be considered as abnormal, and they have 
been selected simply as examples of what small arcs between 
bars may do. These two cases do not in themselves constitute 
a proof of this action, but they serve to verify other evidences 
which have been obtained. 

In view of the fact that small arcs of a non-explosive sort 
may form at voltages considerably lower than the limits given 
in the preceding part of this paper, it should be considered 
whether such small arcs can cause any trouble if no other live 
parts of the machine are in close proximity. One case should 
be considered, namely, that of other commutator bars adjacent 
to the arc. When conducting vapor is formed by the first 
minute arc, this vapor in spreading out may bridge across a 
number of commutator bars having a much higher total differ- 
ence of potential across them than that which caused the initial 
arc. Assume, for instance, a very crowded design of high- 
voltage commutator. In some cases, in order to use high rota- 
tive speeds, without unduly high commutator peripheral speed, 
the commutator bars are sometimes made very thin and the 
volts per bar very high, possibly up almost to the limit. As- 
suming a thickness of bar and mica of 0.2 inch (or 5 bars per 
inch) and a maximum volts per bar of 25, then there is ап e.m f. 
of 125 volts per inch circumference of the commutator. In such 


1580 LAMME: COMMUTATION [Sept. 16 


case, a small arc between two bars may result in bridging across 
a comparatively high voltage through the resulting copper 
vapor. Therefore, when considering the possible harmful effects 
of minute arcs, the volts per inch circumference of the commuta- 
tor should be taken into consideration. The writer observed 
one high-voltage commutator which flashed viciously at times, 
apparently without “ "provocation." The only explanation he 
could find was that the vapor from little arcs resulting from 
ringfire was sufficient to spread all over the commutator, the 
bars being very thin and the voltage per bar very high. How- 
ever, difficullies from this cause have not yet become serious, 
probably because no one has yet carried such constructions to 
the extreme, in practical work. 

High voltage between commutator bars may result in flash- 
ing due to other than normal operating conditions. Excessive 
overloads may give such high voltages per armature coil or per 
commutator bar, immediately under the brush, that the terrific 
current rush will develop conducting vapors under the brush, 
which appear immediately in front of the brushes, as such vapors 
naturally are carried forward by rotation of the commutator. 
This short circuit condition under the brush has already been 
referred to when treating of commutation limits. It was shown 
then that an inherent short circuit voltage of 4 to 41 volts is 
permissible in good practise. Immediately under the com- 
mutating pole this voltage is practically neutralized by the 
commutating pole field, but immediately ahead or behind the 
pole it is not neutralized usually, except to the extent of the 
commutating pole flux fringe. Thus, the resultant voltage 
between two bars a little distance ahead of the brush, is liable 
.to be considerably higher than under the brush. Assuming, 
for instance, 35 volts per bar, due to cutting the resultant field 
just ahead of the brush, then with 10 times full load current, 
for example, there would be 35 volts between bars, and this is 
liable to be accompanied by highly conducting vapor formed 
by the excessive current at the brush contact, this vapor being 
carried forward by rotation of the commutator. Here are the 
conditions for a flash, which may or may not bridge across to 
some other live part. If the current rush is not too great, this 
flash will usually appear only as a momentary blaze just in 
front of the brush. In many cases, if this blaze or heavy arc 
were not allowed to come in contact with, or bridge between, 
any parts having high difference of potential, it would not be 
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particularly harmful. In case of “ dead short circuiting” of 
large moderately high-voltage machines where the current can 
rise to 25 ог 30 times normal, it is astonishing how large such 
arcs or flashes may become, and to what distances they will 
reach. The arc will sometimes go in unanticipated directions. 
The conducting vapor may be deflected by magnetic action 
and by air drafts. Shields or partitions will sometimes pro- 
duce unexpected results, not necessarily beneficial. Unless 
_ such shields actually touch the commutator face so that con- 
ducting vapor cannot pass underneath them, the vapor that 
does pass underneath may produce just as harmful results as 
if the shields were not used. Trying to suppress such arcs by 
covers or shields is very much the case of damming a river at 
the wrong end in order to prevent high water. 

From the preceding considerations it would appear that a 
compensated direct-current machine should have some ad- 
vantages over the straight commutating-pole type in case of a 
severe short circuit. With the lesser saturation in the com- 
mutating pole circuit due to the lower leakage, the apparent 
armature short circuit: e.m.f. will usually be better neutralized 
under extreme load conditions, and thus there will be lower 
local currents in the brush contacts. In addition, the armature 
flux will be practically as well neutralized behind and ahead 
of the brush, as it is under the brush, so that, with ten times 
current as in the former example, there may be only a low 
e.m.f. per bar ahead of the brush, instead of the 35 volts for 
the former case. Obviously, the initial flashing cause, and the 
tendency to continue it ahead of the brush, will be materially 
reduced. The compensating winding is therefore particularly 
advantageous in very high voltage generators, in which the 
bars are usually very thin and the maximum volts per bar are 
high. 

There is a prevailing opinion that when a circuit breaker 
opens on a very heavy overload or a short circuit, flashing is 
liable to follow from such interruption of the current. Іп some 
cases, this may be true. However, when a breaker opens on 
a short circuit, 1t 1s difficult for the observer to say whether both 
the opening of the breaker and the flash are due to the excessive 
momentary current, or one is consequent to the other. The 
short circuit, 1f severe, will most certainly cause more or less 
of a flash at the brush contacts by the time the breaker is opened, 
and if this flash is carried around the commutator, or bridges 
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across two points of widely different potentials, then it is liable 
to continue after the breaker opens, and thus gives the 1m- 
pression that the flashing followed the interruption of the cir- 
cuit. In railway and in mine work in particular, a great many 
flashes which are credited to overloads are primarily caused by 
partial short circuits on the system, or “ arcing shorts," which 
are extinguished as soon as the main breakers are opened, so 
that but little or no evidence of any short circuit remains. 
Such a partial short circuit however, may be sufficient to open 
the generator circuit and to cause a flash at the same time. 
Not infrequently, such flashes are simply credited to opening 
of the breakers. 

There are other conditions, however, where a flash is liable 
to result directly from opening the breaker on heavy overload. 
If, as referred to before, the apparent short circuit e.m.f. per 
brush on heavy overload is from 25 to 35 volts, then if the 
armature magnetomotive force could be interrupted suddenly, 
with a correspondingly rapid reduction in the armature flux, 
while the commutating field flux does not die down at an equally 
rapid rate, then momentarily, there will be an actual short 
circuit voltage of a considerable amount under the brushes 
which may be sufficient to circulate large enough local currents 
to start flashing. With commutating pole machines, this con- 
dition may result from the use of solid poles and solid field 
yokes. Laminated commutating poles are sometimes very much 
of an improvement. However, the yokes of practically all 
direct current machines are of solid material, and thus tend to 
give sluggishness in flux changes. The above explains why поп- 
inductive shunts, or any closed circuits whatever, are usually 
objectionable on commutating poles or their windings. 

In non-commutating pole machines, where the brushes are 
liable to be shifted under the main field magnetic fringe in 
order to commutate heavy loads, flashing sometimes results, 
when such heavy overload is interrupted. | 

Also, if the rupture of the current 1s very sudden, there will 
be an inductive “ kick " from the collapse of the armature 
magnetic field. This rise in voltage sometimes is sufficient to 
start a flash, especially in those cases where flashing limits are 
already almost reached. 

In svnchronous converters, the conditions are materially 
different from d-c. generators as regards flashing when the 
load is suddenly broken. In such machines, the flash is hable 
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to follow the opening of the breaker, if simply a heavy over- 
load is‘interrupted. This is possibly more pronounced in the 
commutating pole machine than in the non-commutating pole 
type. In a commutating pole converter, the commutating 
pole magnetomotive force is considerably larger than the re- 
sultant armature magnetomotive force, under normal opera- 
ting conditions, but is much smaller than the armature magneto- 
motive force considered as a straight d-c. or a-c. machine. 
Normally the commutating pole establishes a commutating 
field or flux in the proper direction in the armature. However, 
if, for any reason, the converter becomes a motor or a generator, 
even momentarily, the increased magnetomotive force of the 
armature may greatly exceed that of the commutating pole, 
so that the commutating pole flux will be greatly increased, or 
it may be greatly reduced, or even reversed, depending upon 
which armature magnetomotive force predominates. 

The above is what happens when a synchronous converter 
hunts, and under the accompanving condition of variable 
armature magnetomotive force, the commutating pole con- 
verter, with iron directly over the commutating zone, is liable 
to show greater variations in the flux in the commutating zone 
than is the case in the non-commutating pole converter. Ex- 
perience has shown that when a synchronous converter carry- 
ing a heavy overload has its direct-current circuit suddenly 
interrupted, it is liable to hunt considerably for a very short 
period, depending upon the hunting constants of the individual 
machine and circuit. Apparently, all converters hunt to some 
extent with such change in load. This hunting means wide 
variations in the commutating pole flux with corresponding 
sparking tendencies. For a ‘‘ swing” or two, this sparking 
may be so bad as to develop into a flash. Thus the flash follows 
the interruption of the circuit. i 

Curiously, the most effective remedy for this condition is 
one which has proved most objectionable in d-c. machines, 
namely, a low-resistance closed electric circuit surrounding the 
commutating pole. The primary object of this remedy is not 
to form a closed circuit around the commutating field, but to 
obtain a more effective damper in order to minimize hunting. 
In a paper presented before the Institute several vears ago,* 
the writer showed that the ideal type of cage winding for damp- 


*[nterpoles in Synchronous Converters, by В. G. Lamme and F. D. 
Newbury, A. I. E. E., Trans. 1910. 
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ing synchronous converters, namely, that in which all circuits 
are tied together by common end rings, was not suitable for 
commutating pole converters due to the fact that the various 
sections of this cage winding form low-resistance closed circuits 
around the commutating poles. This was in accord with all 
evidence available to that time, and no one took exception to 
it. However, later experience has shown that this was incor- 
rect, for, in later practise, it was found that the use of a complete 
cage damper of low resistance which decreases the hunting 
tendency, also greatly decreases the flashing tendency, so that 
today most converters of the commutating pole type are being 
made with complete cage dampers. Apparently, the flashing 
tendencies in converters due to hunting are much worse than 
those due to flux sluggishness. Therefore, a sacrifice can be 
made in one for the benefit of the other. 

In the case of a dead short circuit on the d-c. side of a syn- 
chronous converter, there is liable to be flashing, just as in the 
d-c. machine, and the flash and the breaker opening are liable 
to occur so closely together that an observer cannot sav which 
Is first. 

In d-c. railway motors, flashing at the commutator is not 
an uncommon occurrence. One rather common cause of flash- 
ing, especially at high speed, is due to jolting the brushes away 
from the commutator, due to rough track, etc. This is espe- 
cially the case with light spring tension on the brushes. The 
carbon breaks contact with the copper, forming an arc which 
is carried around. Another prolific source of flashing is due 
to opening and closing the motor circuit in passing over a gap 
or dead section in a trolley circuit. Here the motor current 
is entirely interrupted, and, after a short interval, it comes on 
again, without any resistance in circuit except that of the motor 
itself. If the current rush at the first moment of closing is 
not too large, and if the armature and field magnetic fluxes 
build up at the same rate, then there is usually but small danger 
of a flash, except under very abnormal conditions. The rapidly 
changing field flux however generates heavy currents under 
the brushes, thus tending toward flashing. The reactance of 
the motor, especially of the field windings, limits the first cur- 
rent rush to a great extent. According to this, closed second- 
ary circuits of low resistance around either the main poles or 
the commutating poles, should be objectionable, and experience 
bears this out. 
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In railway armatures, as a rule, fewer commutator bars per 
pole are used on the average than in stationary machines of 
corresponding capacity, except possibly, in large capacity 
motors. This is due largely to certain design limitations in 
such apparatus, but this has doubtless been responsible for a 
certain amount of flashing in such apparatus. 

Average e.m.f. and “ Field Form." A rather common prac- 
tise has been to specify the average volts per bar in a given 
machine. This, initself, does not mean anything, except in a very 
general way; for the limit is really fixed by the maximum volts 
per bar, as already shown, and there is no fixed relation between 
the average and the maximum volts per bar. The ratio be- 
tween these two voltages is dependent upon the field flux dis- 
tribution,—that is, the “field form.” In practise, this ratio 
varies over a wide range, depending upon the preferences of 
the designer, upon limitations of pole space available, etc. 
Also, with load, it depends upon the amount of flux distortion 
of the field, which, in turn varies greatly in practise. In well 
proportioned modern machines, where space and other limita- 
tions permit, the average e.m.f. per bar is about 70 per cent 
of the maximum at no load, and about 55 per cent to 60 рег 
cent with heavy load. This means that about 15 volts per 
bar, average, is the maximum permissible, in large machines 
with considerable field distortion, if a maximum of 28 volts 
per bar is not to be exceeded. On this basis, a 600-volt machine 
should therefore have not lcss than 40 commutator bars per 
pole. However, this 1s with considerable field distortion. If 
this distortion is reduced or eliminated, the average volts can 
be considerably higher, as in machines with high saturation in 
the pole faces, pole horns and armature teeth, or with com- 
pensated fields. Synchronous converters are practically self- 
compensated and can therefore have higher limits than the 
above, if the normal rated e.m.f. is never to be exceeded. How- 
ever, in 600-volt converter work, in particular, wide variations 
sometimes momentarily occur, up to 700 to 750 volts, and such 
machines should have some margin for such voltage swings. 
The ordinary 600-volt d-c. generator also attains materially 
higher voltages at times, which would be taken into account 
in the limiting voltage per commutator bar and the total number 
of commutator bars per pole. 

Obviously, the '' fatter " the field form, the nearer the aver- 
age voltage can approach the maximum. With an 80 per cent 
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field form, instead of 70 per cent, for instance, the number of 
bars per pole can be reduced directly as the polar percentage 
is increased; and 35 bars per pole with 80 per cent would be as 
good as 40 bars with 70 per cent assuming the same percentage 
of field distortion in both cases. Ап increase in the polar arc 
will tend toward increased distortion, but the reduced number 
of turns per pole Should practically balance this, so that, other 
things being unchanged, the flux distortion should have prac- 
tically the same percentage as before. 

In large machines of very high speeds, large polar percentages, 
—that is, large “ field form constants,” are very advantageous, 
but are not always obtainable, due to the space required for the 
commutating pole winding. In compensated field machines, 
with their smaller commutating pole windings, the conditions 
are probably best for high field form constants, and high aver- 
age volts per bar; and thus this tvpe often lends itself very 
well to those classes of тпа- 
chines where the minimum 
possible number of commu- | 
tator bars is necessary. This i 
is the case with very high 
speeds, and also for very high 
voltage machines. | 

Usually it is considered that 
the commutating conditions 
of a machine arc practically the same with the same current, 
whether it be operated as a generator or motor. However, 
when it comcs to flashing conditions, there is one very consider- 
able difference between the two operations. In the d-c. gen- 
erator, the field flux distortion by the armature is such as to 
crowd the highest field densitv, and thus the highest volts 
per bar, away from the forward edge of the brushes. In the 
motor, the opposite is the case, and therefore there is a steeply 
rising field, and a corresponding e.m.f. distribution in front of 
the brushes. As the flash is carried in the direction of rotation 
it may be seen that, in this particular, the generator and motor 
are different. 


Fic. 3 


BLACKENING AND BURNING—HIGH Мкл—“ Pickrnc UP” 
COPPER 

In the preceding, certain limitations of commutation and 

flashing have been treated. There are, in addition, a number 
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of other conditions which are related closely to commutation, 
and which have already been touched upon to a limited extent. 
One of these is the permissible current density in the brushes 
or brush contacts. 

As brought out betore, there are two currents to be con- 
sidered, namely, the work current which flows to or from the 
outside circuit, and the local or short circuit current which is 
purely local to the short circuited coils and the brush. The 
true current density is that due to the actual resultant current 
in the brush tip or face, which is very seldom uniform over the 
whole brush tip. The “ apparent ” current density is that due 
to the work current alone—assumed to be uniform over the 
brush tip. The current density very commonly has been as- 
sumed as the total work current, in and out, divided by the 
total brush section, and, moreover, this has been considered 
as the true current density, the local or short circuit currents 
being neglected altogether. This method of considering the 
matter has been very misleading, resulting in many cases, in 
a wrong or unsuitable size of brush being used just to meet 
some specified current density. In many of the old, non-com- 
mutating pole machines, the local currents were predominant 
under certain conditions of load, for the brushes, as a rule, had 
to be set at the best average position, so that at some average 
load, the commutating conditions would be best. At higher 
and lower loads, the short circuit currents were usually com- 
paratively large. The wider the brush contact circumferen- 
tially, the greater would be the short circuit currents and the 
higher the actual current density at one edge of the brush, 
while the apparent density would be reduced. Thus, in at- 
tempting to meet a low specified current density, the true den- 
sitv would be greatly increased. The fallacy of this procedure 
was shown in many cases in which the brush contact was very 
greatly reduced by grinding off onc edge of the brush. Very 
often, a reduction in circumferential width of contact to one- 
half resulted in less burning of the brush face. The apparent 
density was doubled but the actual maximum density was 
actually reduced. Many of these instances showed very 
conclusively that much higher true current densities were prac- 
ticable, provided the true and apparent densities could be 
brought more nearly together. This 1s what has been accom- 
plished to a considerable extent іп the modern well designed 
commutating pole machine. In such machines, the current dis- 
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tribution at the brush face is nearly uniform under all condi- 
tions of load. It is not really uniform, even in the best machines; 
but the variations from uniformity, while possibly as much as 
50 per cent in good machines, is yet very small compared with 
the variation in some of the old non-commutating pole machines. 
In consequence, it has been possible to increase the apparent 
current densities in the brushes in modern commutating pole 
machines very considerably above former practise, while still 
retaining comparatively wide brush faces. In fact, the width 
of the brush contact circumferentially is not particularly limited 
if the commutating field flux can be suitably proportioned; 
that is, where a suitable width and shape of commutating field 
can be obtained. In many of the old time machines, an ap- 
parent density of 40 amperes per square inch under normal 
loads was considered as amply high, while at the present time, 
with well proportioned commutating poles, 50 per cent higher 
apparent densities are not uncommon. However, experience 
shows that the same brushes, with perfectly uniform distribu- 
tion of current at the brush face, can carry still higher currents. 
Therefore, in modern commutating pole machines, the actual 
upper limit of brush capacity is not yet attained. But there 
are reasons why this upper limit is not practicable. One reason 
is that already given, that uniform current distribution over 
the brush face is seldom found. This means that a certain 
margin must be allowed for variations. A second reason lies 
in the unequal division of current between the various brushes 
and brush arms. This may be due initially to a number of 
different causes. However, when a difference in current once 
occurs, it tends to accentuate itself, due to the negative co- 
efficient of resistance of the carbon brushes and brush contacts. 
If one of the brushes, for instance, takes more than its share of 
current for a period long enough to heat the brush more than 
the others, then its resistance is lowered and it tends to take 
still more current. If there were no other resistance in the 
current path, it 1s presumable that the parallel operation of 
carbon brushes would be more or less unsatisfactory. In the 
practical case, however, instead of the operation being im- 
practicable, it is merely somewhat unstable. Unequal division 
of current between the brushes on the same brush arms, 1s to 
some extent, dependent upon the total current per arm. Where 
there are many brushes in parallel and the total current to 
be carried is very large, it is obvious that onc brush may take 
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an excessively large current without materially decreasing the 
current carried by the other brushes. As a rule, the larger 
the current per arm, the more difficult is the problem of prop- 
erly balancing or distributing the current among all the brushes. 
Schemes have been proposed, and patented, for forcing equal 
division, but, as a rule, they have not proved very practicable, 
although some comparatively simple expedients have been 
tried out with a certain degree of success. 

In the same way, the division of current among brush arms 
of the same polarity is not always satisfactory. 50 per cent 
variation of current between different arms is not very unusual, 
and the writer has seen a number of instances where the varia- 
tion has been 100 per cent, or even much more. Obviously, 
with such variation, it is not practicable to work the brushes up 
to the maximum density possible, for some margin must Бе 
allowed for such unbalancing. 

Experience has shown that when current passes through 
a moving contact, as from a brush to the commutator copper, 
or vice versa, a certain action take place which resembles elec- 
trolytic action to some extent, although it is not really electro- 
lytic. It might also be said to resemble some of the actions 
which takes place іп an arc. Minute particles appear to be 
eaten or burned away from one contact surface, and these are 
sometimes deposited mechanically upon the opposing surface. 
The particles appear to be carried in the direction of current 
flow, so that if the current is from the carbon brush to the 
copper, the commutator face will tend to darken somewhat, 
evidently from depositation of carbon. If the current is from 
the copper to the carbon, the brush face will sometimes tend 
to take a coating of copper, while the commutator face, will 
take a clean, and sometimes raw, copper appearance. Ав the 
current is in both directions on the ordinary commutator, this 
action 15 more ог less averaged, and therefore is not usually 
noticed. With one polarity or direction of current, the com- 
mutator face eats awav, while with the other direction, the 
brush face is eaten away and may lose its gloss. 

The above action of the current gives rise to a number of 
limiting conditions in direct-current practise. Experience shows 
that this “ eating away ” action occurs with all kinds of brushes, 
and with various materials in the commutator. It appears to 
be dependent, to a considerable extent, upon the losses at the 
contact surface. In other words, it is dependent upon both the 
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current and the contact drop. With reduction in contact drop, 
this burning action apparently is decreased, but in commutating 
machinery, this reduction cannot be carried very far, in most 
cases, on account of increase in short circuit current, which 
nullifies the gain in contact drop. In fact, in each individual 
machine, there is some critical resistance which gives least loss 
and least burning at the contact surfaces. 

Practise has shown that this burning action is very slow at 
moderate current densities in carbon and graphite brushes— 
so slow as usually to be unnoted. However, if the actual 
current density in the brush face is carried too high, the burn- 
ing of the brushes may become very pronounced. With the 
actual work current per brush usual in present practise, the 
burning of the brush face may usually be credited to local cur- 
rents in the brushes. This is one pretty good indication of 
the presence of excessive local currents. It also indicates the 
location and direction of such currents, but is not a very exact 
quantitative measure of them. It is not uncommon, in exam- 
ining the brushes of a generator or motor, to find a dull black 
area under one edge of the brush, which obviously has been 
burned, while the remainder of the brush face is brightly polished. 
In severe cases, practically as good results will be obtained 
if the burned area is entirely cut away by beveling the edge 
of the brush. 

This eating away of either the brush face or the commutator, 
and the deposit upon the opposing face, leads to certain very 
harmful conditions in direct-current machinery. Ав stated 
before, if the true current density is kept sufficiently low in 
the contact face, the burning is negligibly small in most cases. 
Howcver, where the current passes from the commutator to 
the brush, it is the commutator copper which eats away, while 
the mica between commutator bars does not eat away, but must 
be worn away at the same rate that the copper is burnt, if good 
contact is to be maintained. Let the burning of the copper 
gain ever so little on the wear of the mica, then trouble begins. 
The brush begins to “ride ” on the mica edges and does not 
make true contact with the copper. This increases the burn- 
ing action very rapidly, so that eventually the mica stands 
well above the copper face. This is the trouble usually known 
as “high mica.” It is frequently credited to unequal rates 
of wear of copper and mica. This idea of unequal wear has 
been partly fostered by the fact that with relatively thick 
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mica, the action is greatly increased, or, with very thin com- 
mutator bars, with the usual thickness of the mica, the high mica 
trouble becomes more serious. In both these latter cases, it 
is the higher percentage of mica,—that is, the relatively poorer 
wearing characteristics of the mica itself, which is at fault. 
But the commutator copper does not wear away. In fact, it 
is not physically possible for it to wear below the mica. It is 
“eaten away ” or burned, as described above. In some special 
cases, where this burning is unusually severe, the mica apparently 
wears down about as fast as the copper, so that the commutator 
remains fairly clean and has no particularly burnt appearance, 
but grooves or ridpes, showing undue wear. But this rapid 
apparent wear is a pretty good indication that excessive burn- 
ing action is present at times, usually due to excessive local 
currents. In some cases, this burning action may be present 
only during hcavy or peak loads which may be so interspersed 
with periods of light running that the true wear of the mica 
catches up with the burning of the copper. In such cases, the 
commutator may have a beautiful glossv appearance normally, 
but may wear in grooves and ridges. On account of this burn- 
ing action, practise has changed somewhat in regard to stagger- 
ing of brushes on commutators to prevent ridging between the 
brushes. Formerly, it was common practise to displace all 
the positive brushes one direction axially, and the negatives 
in the other direction, in order to have the brushes overlap. 
This, however, did not entirely prevent ridging, for the burning 
of the copper occurred only under one polaritv. It is now con- 
sidered better practise to stagger the arms in pairs. 

With commutating pole machines, the true current densities 
in the brushes are carried up to as high a point as the non- 
burning requirements will permit. Reduction in local currents 
has been accompanied by increase in the work current density. 
Therefore, conditions for burning and high mica are still exist- 
ent, as in non-commutating pole machines. In recent vears, 
a new practise, or rather an extension of an old practise, has 
been very generally adopted, namely, undercutting the mica 
between bars. In early times, such undercutting was practised 
to a certain extent, usually however, to overcome mica troubles 
principally. In the newer practise, such undercutting is pri- 
marily for other reasons, although the mica problem is partly 
concerned in it. During the last few years, extended experi- 
ence has shown that graphite brushes, or carbon brushes with 
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considerable graphite in them, are extremely good for collect- 
ing current, but on the other hand, are very poor when it comes 
to wearing down the mica, due to their softness or lack of ab- 
rasive qualities. Due to the graphite constituent, such brushes 
are largely self-lubricating, and therefore, "ride" more smoothly 
on the commutator than the ordinary carbon brush. They are 
therefore much quieter, and this is a very important point with 
the present high speeds which are becoming very much the 
practise. However, by undercutting the mica, all difficulty 
from lack of abrasive qualities in the brush is overcome, and 
thus the good qualities of such brushes could be utilized. The 
advantage of self-lubricating brushes should be apparent to 
anyone who has had difficulties from chattering and vibration 
of brushes, due to lack of lubrication. Such chattering may 
put a commutator '' to the bad " in a short time, and the con- 
ditions become cumulatively worse. Chattering means bad 
contact between the brush and commutator, which in turn, 
means sparking and burning, which means increased chatter- 
ing or vibration. 

The above refers to burning of the commutator face. But 
such burning also may have a bad effect on the brushes. When 
the commutator copper burns away to any extent, it may de- 
posit on the brush face following the direction of the current. 
This coating on the brush face sometimes leads to serious 
trouble, by lowering the resistance of the contact surface. This 
not only allows larger short circuit current and greater heating 
of the brush, but it makes the resistance of that particular 
path lower than that of other parallel brush paths. In con- 
sequence, the coated brush takes an undue share of the total 
current, as well as an undulv large local current. The result- 
ant heating may be such that the brush actuallv becomes red 
hot or glows. This heating further reduces the resistance, 
and tends to maintain the high temperatures. This glowing 
or overheating very frequently causes disintegration of the bind- 
ing or other material in the brush, so that it gradually honey- 
combs at or near its tip. This action may keep up until the 
brush makes bad contact. It may be that a similar action may 
occur coincidently on other brushes, but, there is no uniformity 
about it. This action of transferring copper to the brush 1s 
sometimes known as “ picking up copper." It is not limited 
to brushes of one polarity, except where the metallic coating 
is caused primarily by the work current. Where it results from 
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high local currents, it may be on the brushes of either polarity, 
for the local currents go in and out at each brush. However, 
according to the writer's experience, this coating is more com- 
mon on the one polarity. 

Glowing and honeycombing of brushes is not necessarily 
dependent upon the metallic coating on the brushes, although 
this latter increases the action. Anything that will unduly in- 
crease the amount of current in any brush contact for a period 
long enough to result in heating and lower contact resistance, 
with brushes in parallel, may start this glowing and honey- 
combing. It is not as common an action in modern machines 
as in old time ones. 

As an evidence that poor contact or high contact drop tends 
to produce burning, may be cited the fact that, in many cases 
of apparent rapid wear of the commutators, such wear has 
been practically overcome by simply undercutting the mica 
and thus allowing more intimate contact between brush and 
copper. In some instances, this also lessened or eliminated 
the tendency to pick up copper. Thus undercutting has been 
very beneficial in quite a number of ways. 


NUMBER OF SLOTS, Сомрсстов$ PER SLOT, Erc. 

There are certain limitations in direct-current machines, de- 
pending upon the minimum number of slots per pole which can 
bé used. Provided satisfactory commutating conditions can 
be obtained, it is 1n the direction of economy of design to use 
a relatively low number of slots per pole, with a correspond- 
ingly large number of coils per slot. "This is effective in several 
ways. In the first place, insulating space is saved, thus allow- 
ing an increase in copper or iron sections, either of which al- 
lows greater output. In the second place, wider slots are favor- 
able to commutation. Thus thc natural tendency of d-c. de- 
sign is toward a minimum number of slots per pole. But if 
this is carried too far, certain objections or disadvantages arise 
or become more prominent, so that at some point they over- 
balance the advantageous features. As the slots are widened 
and the number of teeth diminished, variations in the reluct- 
ance of the air gap under the main poles, with corresponding 
pulsations in the main field flux become more and more pro- 
nounced. These may effect commutation, as the short cir- 
cuited armature coils form secondary circuits in the path of 
these pulsations. But before this condition becomes objcc- 
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tionable, other troubles are liable to become prominent, such 
аз`‘ magnetic noises," etc. If the machine is of the commutat- 
ing pole type, there are liable to be variations in the commutat- 
ing pole air gap reluctance, so that it may be difficult to obtain 
proper conditions for commutation. А relatively wide com- 
mutating zone is required if there are many coils per slot; also, 
allthe conductors per slot usuallv will not commutate under 
equal conditions, which may result in blackening or spotting 
of individual commutator bars symmetrically spaced around 
the commutator, corresponding to the number of slots. In non- 
commutating pole machines, it may be difficult to find a suit- 
able field or magnetic fringe in which to commutate, and thus 
the first and last coil in each slot will have quite different fluxes 
in which to commutate. 

Depending upon the relative weight of the various advant- 
ages and disadvantages of a small number of slots per pole, 
practise varies greatly in different apparatus. In small and 
medium capacity railway motors, where maximum output in 
minimum space is of first importance, and where noise, vibra- 
tions, etc. are not very objectionable, the number of slots per 
pole used is probably lower than in any other line of d-c. ma- 
chines, six to eight per pole being rather common. In the 
smaller and medium size stationary motors, where noise must 
be avoided, a somewhat larger number of slots is used in gen- 
eral, depending somewhat upon the size of the machine. Оп 
still larger apparatus, excepting possibly, small low-speed en- 
gine type generators, 10 slots or more per pole are used in 
most cases, and, in general, more than 12 are preferred. In 
the large 600-volt machines, the number is fixed partly by the 
minimum number of commutator bars per pole, and the num- 
ber of coils per slot. Assuming three coils per slot, then with 
a minimum number of commutator bars of about 40 per pole, 
the minimum number of slots per pole will be 14, and with 
two bars per slot, will be correspondingly larger. This there- 
fore represents one of the limits іп present practise. 

Noise, Vibration, etc. Mention has been made of limita- 
tions of noise and vibration being reached, in considering the 
minimum number of slots. This is a very positive limitation 
in design, especially so in recent years, when everything is being 
carried as close as possible to all limits in economies in materials 
and constructions. All the various conditions which cause 
undue noises in electrical apparatus are not усі well known, 
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and the application of remedies is more or less a question of 
“ cut-and-trv." | 

A fundamental cause of noise in direct-current machines lies 
in very rapid pulsations or fluctuations in magnetic conditions. 
This has been well known for years, and many solutions of the 
problem of preventing such variations in magnetic conditions 
from setting up vibrations and consequent noise, have been 
proposed, but many of them appear to hold only for the particu- 
lar machine, or line of machines, for which they were devised. 
A perfectly good remedy in one machine not infrequently 
proves an utter failure on the next one. There are certain 
remedies for noise in direct-current machines which apply pretty 
generally to all machines, but, as a rule, such remedies mean more 
expensive constructions. In general, large air gaps and gradual 
tapering of the flux at the pole edges tend toward quiet opera- 
tion. A large number of slots per pole tends toward quietness. 
However, the trend of design has been toward verv small air 
gaps, especially in recent designs of small and moderate size 
d-c. motors; also, thc aim has been to use as few armature slots 
as possible. Moreover, newer designs with steel or wrought 
iron frames, as а rulé, have the magnetic material in the frames 
reduced to the lowest limit that magnetic conditions will per- 
mit. Also, with the gencral use of commutating poles, the 
tendency has been toward “ strong " armatures апа corres- 
pondingly weak fields, so that the total field fluxes and field 
frames are relatively small compared with the practise of a 
few years ago. With these small frames, resonant conditions 
not infrequently are encountered, especially in those machines 
which are designed to operate over a very wide range in speed. 
There 1s hable to be some point in the speed range where the 
poles or frame, or some other part, 1s properly tuned to some 
pulsating torque or “ magnetic pull ” in the machine. Іп such 
case, a very slight disturbance of a periodic nature may act 
cumulatively to give a very considerable vibration and conse- 
quent noise. 

The pulsations in magnetic conditions which produce vibra- 
tion may be due to various causes, but, as a rule, the slotted 
armature construction is at the bottom of all of them. Open 
type armature slots usually are much worse than partially 
closed slots. Such open slots produce “ tufting ” or “ bunch- 
ing " of the magnetic flux between the field and armature, and 
it is this bunching of flux which usuallv, in one form or another, 
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produces a magnetic pulsation or pull which sets up vibration. 
This bunching of lines may be such as to set up pulsating mag- 
netic pulls at no-load as well as full load. In other cases, the 
ampere turns in the armature slots tend to exaggerate or accen- 
tuate the bunching so that the vibration varies with the load. 
This bunching of the flux may act in various ways. The total 
air gap reluctance between the armature and main poles may 
vary or pulsate, so that the radial magnetic pull between any 
main pole and the armature will pulsate in value. If the re- 
luctances under all the poles are varying alike, then these 
pulsating radial pulls will tend to balance each other at all 
instants. However, if the reluctances under the different poles 
do not vary simultaneously, then there are liable to be un- 
balanced radial magnetic pulls of high frequency, depending 
upon the number of armature teeth, speed of rotation, etc. 
If this frequency is so nearly in tune with the natural period 
of vibration of some part of the machine, such as the yoke, 
poles or pole horns, armature core and shaft, that a resonant 
condition is approximated, then vibration and noise are almost 
Sure to occur. 

Radial unbalanced pulls, as described, are liable to occur when 
the number of armature teeth is other than a multiple of the num- 
ber of poles; and the smaller the number of teeth per pole, the 
larger will be the unbalancing in general. As а remedy, it 
might be suggested that the number of armature slots always 
be made a multiple of the number of poles. However, there are 
several objections to this. One serious objection is that, on 
small and moderate size d-c. machines, the two-circuit type of 
armature winding is very generally used, and, with this type of 
winding, the number of armature coils and commutator bars must 
always be one more or less in number than some multiple of the 
number of pairs of poles. Mathematically therefore, with a two- 
circuit winding, the number of slots can never bea multiple of the 
number of poles unless an unsymmetrical winding is used, 
that 15, one with a “ dummy " coil. А second objection to using 
a number of slots which is a multiple of the number of poles, 
is that there are pulsating magnetic pulls which mav be exag- 
gerated by this verv construction. There are two kinds of mag- 
netic pulls, a radial, which has already been considered, and a 
circumferential, due to the tendencv of the armature core to 
set itself where it will enclose the maximum amount of field 
flux. Obviously, if the arrangement of slots is such that when 
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one pole has a maximum flux into the teeth, another pole has 
a minimum, then the circumferential puslations in torque 
will be less than if all poles enclosed the maximum or the mini- 
mum flux simultaneously. This latter condition will be produced 
when the number of armature slots is a multiple of the number 
of poles. Therefore, in dodging unbalanced radial magnetic 
pulls by using a number of armature slots which is a multiple 
of the number of poles, the designer is liable to exaggerate the 
circumferential variations in torque or pull, so that he 1s no better 
off than before. This circumferential pulsating magnetic pull 
may act in various ways to set up vibration, and if there is any 
resonant condition in the machine, vibration and noise will 
result. 

Several years ago, the writer made some very interesting tests 
on a number of d-c. machines to discover the nature of the vi- 
brations which were producing noise. 
These machines had very light frames 
and were noisy, although not exces- 
sively so. Тһе following results were 
noted: In certain four-pole machines, 
it was noted that the frames vibrated 
in a radial direction, as could be 
easily determined by feeling. How- 
ever, upon tracing around the frame 
circumferentially, nodal points were 
noted. In some cases, there were 
points of practically по vibration 
midway between the poles, as at A in Fig. 4. In other cases | 
the point of least vibration was at B, directly over the main 
poles. Apparently, minimum vibration at A and maximum at 
B occurred when the pulsating magnetic pulls were in a radial 
direction, while, with circumferential pulls, the maximum vibra- 
tion was at A. It was also noted in some instances that a varia- 
tion in the width of the contact face of the pole against the yoke 
produced vibrations and noise, and nodal points in the yoke, 
the.vibrations being a maximum at A. 

In still other cases in commutating pole machines, vibrations 
and noise were apparently set up by either radial or circumferen- 
tial magnetic pulsations under the commutating poles themselves, 
as indicated by the fact that removal of the commutating poles, 
or a considerable increase in their air gaps, tended to overcome 
the noise. In such cases, the noise usually increased with the 
load, in constant speed machines. | 
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Skewing of the armature slots, or of the pole faces, has proven 
quite effective in some cases of vibration and noise. Tapered 
air gaps at the pole edges have also proven effective in many 
individual cases. However, the causes of the trouble and the 
remedies to be applied in specific cases are so numerous and so 
varied that at present it is useless to attempt to give any limita- 
tions in design as fixed by noise and vibration due to magnetic 
conditions. 


'" FLICKERING OF VOLTAGE, AND “ WINKING ” OF LIGHTS 


From time to time, cases have come up where noticeable 
“winking " of incandescent lights occur, this being either of а 
periodic or non-periodic character, the two actions being due to 
quite diferent causes. In either case, the primary cause of the 
difficulty may be in the generator itself, or it may be in the 
prime mover. The characteristics of the incandescent lamp 
itself tends, in some cases, to exaggerate this winking. To be 
observable when periodic, the period must be rather long, cor- 
responding to a very low frequency. Periodic flickering of . 
voltage may be considered as equivalent to a constant d-c. 
voltage with a low-frequency small-amphtude alternating e.m f. 
superimposed upon it. In view of the fact that incandescent 
lamps of practically all kinds give satisfactory service without 
flicker at 40 cycles with the impressed e.m.f. varving from zero 
to 40 per cent above the cilective value, one would think that a 
relativelv small variation of voltage, of 3 per cent or 4 per cent 
for instance, would not be noticeable at frequencies of 5 to 
10 cycles per second. However, careful tests have shown 
that commercial incandescent lamps do show pronounced 
flicker at much lower percentage variations in voltage, de- 
pending upon the thermal capacity of the lamp filament. Based 
on such thermal capacity, low candle power 110-volt lamps, for 
example, should show more flicker than high candle power lamps. 
Also, tungsten lamps for same candle power should be more sen- 
sitive than carbon lamps, due to their less massive films. In 
fact, trouble from winking of lights has become much more pro- 
nounced since the general introduction of the lower-candle power, 
higher-efficiency incandescent lamps. 

In view of the fact that winking has been encountered with 
machines in which no pronounced pulsations in voltage appear 
to be possible, a series of tests was made some years ago to 
determine what periodic variation was noticeable on ordinary 
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low-candle power Tungsten and carbon lamps. A lamp circuit 
was connected across a source of constant direct e.m.f., and in 
series with this circuit was placed a small resistance which could 
be varied at different rates and over varying range. The 
results were rather surprising in the very low pulsations in volt- 
age which showed flickering of the light when reflected from a 
white surface. With the ordinary frequencies corresponding to 
small engine type generators—that is, from 5 to 10 cycles—peri- 
odic variations in voltage of J per cent above or below the mean 
value were sufficient to produce a visible wink, with 16-candle 
power carbon lamps; while 1 per cent variation above and below 
was quite pronounced. With corresponding tungsten lamps, 
only about half this variation is sufficient to produce a similar 
wink. "These tests were continued sufficiently to show that such 
periodic fluctuations in voltage must be limited to extremely 
small and unsuspected limits. This condition therefore imposes 
upon the designer of such apparatus a degree of refinement in 
his designs which is almost a limitation in some cases. 

It is probable that non-periodic fluctuations in voltage do 
not have as pronounced an effect in regard to winking of lights 
as is the case with periodic fluctuations, if they do not follow 
each other at too frequent intervals, unless each individual 
pulsation is of greater amplitude, or is of longer duration. 
Possibly a momentary variation in voltage of several per cent 
will not be noted, except by the trained observer, unless such 
variation has an appreciable duration. 

A brief discussion of the two classes of voltage variations 
may be of interest, and is given below. 

Periodic Fluctuations. As stated before, these may be due 
to conditions inside the machine itself, or may be caused by 
speed conditions in the prime mover. Not infrequently, the 
two act together. Variations in prime mover speed can act in 
two ways; first, by varying the voltage directly in proportion 
to the speed, and second, by varying the voltage indirectly 
through the excitation, the action being more or less cumulative 
in some cases. Such speed variations usually set up pulsations 
corresponding directly to the revolutions per minute and in- 
dependent of the number of poles on the machines. 

In the machine itself, periodic pulsations of frequency lower 
than normal frequency of the machine itself, may be caused 
by magnetic dissymmctry of some sort, or by unsymmetrical 
windings. Usually, such dissvmmetries give voltage fluctua- 
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tions at a frequency corresponding to the normal frequency of 
the machine, and therefore will have no visible effect unless 
such normal frequency is comparatively low, which is usually 
the case in engine type d-c. generators. In other cases, these 
dissymmetries may give pulsations. corresponding to the rev- 
olutions, and not the poles. For instance, if the armature 
periphery and the field bore are both eccentric to the shaft, 
then magnetic conditions are presented which vary directly 
with the revolutions. 

However, there have been cases where no dissymmetry could 
be found, and yet which produced enough variations to wink 
the lights. Usually in such cases, the number of armature 
slots per pole was comparatively small, and the trouble was 
overcome by materially increasing the number of slots per pole. 
A second source of winking has been encountered in some three- 
wire machines in which the neutral tap is not a true central 
point. In such case, the neutral travels in a circle around the 
central point and impresses upon the d-c. voltage a pulsation 
corresponding to the diameter of the circle. Its frequency how- 
ever, is that of the machine itself and is therefore more notice- 
able on low frequency machines, such as engine type generators. 

Non-Periodic Pulsations or Voltage “ Dips.” In ай d-c. 
generators, there is a momentary drop or “‘ dip” in voltage with 
sudden applications of load, the degree of drop depending upon 
the character and amount of load, etc. The effects of this 
have been noted most frequently in connection with electric 
elevator operation, in which the action is liable to be repeated 
with sufficient frequency to cause complaint. Various claims 
have been made that certain types of machines did not have 
such voltage dips, and that others were subject to 14. In con- 
sequence, the writer and his associates made various tests in 
order to verify an analysis of this action which is given below. 

The explanation of this dip іп voltage is as follows. Assume, 
for instance, a 100-volt generator supplying a load of 100 am- 
peres—that is, with one ohm resistance in circuit. The drop 
across the resistance is, of course, 100 volts. Now, assume ` 
that a resistance of one ohm 1s thrown in parallel across the 
circuit. Тһе resultant resistance in circuit is then one-half 
ohm. However, at the first instant of closing the circuit through 
the second resistance, the total current in the circuit is only 
100 amperes, and therefore the line voltage at the first instant 
momentarily must drop to 50 volts. However, the e.m.f. 
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generated in the machine is 100 volts, and the discrepancy of 
50 volts between the generated and the line volts results in a 
very rapid rise in the generator current to 200 amperes. If 
the current rise could be instantaneous, the voltage dip would 
be represented diagrammatically by a line only; that is, no 
time element would be involved. However, the current can- 
not rise instantaneously in any machine, due to its self-induction, 
and therefore, the voltage dip is not of zero duration, but has 
a more or less time interval. The current rises according to an 
exponential law, which could be calculated for any given ma- 
chine if all the necessary constants were known. However, 
such a great number of conditions enter into this that is it usually 
impracticable to predetermine the rate of current rise in de- 
signing a machine; and it would not change the fundamental 
conditions if the rate could be predetermined, as will be shown 
Jater. 

A rough check on the above theory could be obtained in the 
following manner, by means of oscillograph tests. For example, 
it was assumed in the above illustration that with one ohm 
resistance in circuit, an equal resistance was thrown in parallel, 
which dropped the voltage to one-half. In practise, the actual 
‚ drop which can be measured might not be as low as one-half 
voltage, as the first increase in current might be so rapid as to 
prevent the full theoretical dip from being obtained. However, 
an oscillograph would show a certain amount of voltage drop. 
If now, after the current has risen to 200 amperes and the con- 
ditions become stable, the second resistance of one ohm is 
thrown in parallel with the other two resistances of one ohm 
each, then in this latter case, the resultant resistance is те- 
duced to two-thirds the preceding value, instead of one-half, 
as was the case in the former instance. Therefore, the dip . 
would be less than in the former case. Again, if one ohm re- 
sistance 1s thrown in parallel with three resistances of one ohm 
each, the resultant resistance becomes three-fourths of the 
preceding value,—that is, the voltage dip is still less. There- 
fore, according to the above analysis, if a given load is thrown 
on a machine, the dips will be relatively less the higher the load 
the machine is carrying. Also, if the same percentage of load 
is thrown on each time, then the dips should be practically the 
same, regardless of the load the machine is already carrying. 
For example, if the machine is carrving 100 amperes, and 100 
amperes additional is thrown on, the dip should be the same as 
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if the machine were carrving 300 amperes and 300 amperes 
additional were thrown on. | 

Also, according to the above theory, а fully compensated 
field machine, (that is, one with a distributed winding in the 
pole faces proportioned to correctly neutralize the armature 
magnetomotive force) should also show voltage dips with load 
thrown on. To determine if this is so, several series of tests were 
made оп a carefully proportioned compensated field machine. Two 
series of tests were made primarily. In the first, equal in- 
crements of currents were thrown on, (1) at half load, (2) at full 
load, and (3) at 14 load on the armature. In the second series 
of tests, a constant percentage of load was thrown оп; that 1s, 
at half load the same current was thrown on as in the first test, 
while at full load, twice this current, and at 11 load, three 
times this current was thrown on. 

According to the above theory, all these should show voltage 
dips, although the machine was very completely compensated. 
Also, in the first series of tests, the dips should be smaller with 
the heavier loads on the machine, while in the second series 
they should be the same in all tests. This is what the tests 
indicated. In the first series, the dips in voltage varied, while 
in the second series, they were practically constant. The re- 
sults of these tests are shown in the following table. (The 
oscillograph prints were so faint that it was not considered 
practicable to produce them in this paper.) 


NORMAL E.M.F.-—1200 VOLTS. 


Load on generator. Increase in load. Dip in voltage. 

Test. (Approx). 

A 0 Amps. 417 Amps. 700 Volts. 

B 208 * 80 7 300 “ 

C 417 “ 80 “ 200 “ 

D 625 °“ 80 “ 150 s 

E 417 “ 160 5 300 * 

Е 625 * 240 т 300 “ 


Tests, В С апа D in the table show the dips for the first 
series of tests, while B, E and F show results for second series. 
The time for recovery to practically normal voltage was very 
short in all cases, varying from 0.002 to 0.004 seconds accord- 
ing to the oscillograph curves, but even with this extremely 


1915] LAMME: COMMUTATION 1603 


short time, there was very noticeable winking of tungsten 
lamps, in practically all tests. The oscillograph curves showed 
practically no change in field current, except in test A. 

The machine used in these tests was a special one in some 
ways. It was a 500-kw., 1200-volt, railway generator with 
compensating windings and commutating poles. In order to 
keep the peripheral speed of the commutator within approved 
practise, it was necessary in the design to reduce the number 
of commutator bars per pole, and consequently the number 
of armature ampere turns, to the lowest practical limit. This 
resulted in an armature of very low self induction, which was 
very quick in building up the armature current with increase 
in load. This machine therefore did not show quite as severe 
variations as would be expected from a normal low-voltage 
machine of this same construction. However, these two series 
of tests did show pronounced voltage dips which were sufficient 
to produce noticeable winking of incandescent lamps. Presum- 
ably, therefore, all normal types of generators will wink the 
lights under similar conditions. 

Data obtained on non-compensated machines of 125 and 250 
volts indicate the same character of voltage dips as were found 
in the above tests. This should be the case, for, by the fore- 
going explanation, the compensating winding has no direct re- 
lation to the cause of the dip. 

It will be noted in these curves that the voltage recovers to 
normal value very quickly. However, incandescent lamps 
will wink, even with this quick recovery, if the dip is great 
enough. There is some critical condition of voltage dip in 
each machine which would produce visible winking of lights. 
Any increments of load up to this critical point will apparently 
allow satisfactory opcration. If larger loads are to be thrown 
on, then these should be made up of smaller increments, each 
below the critical value, which may follow each other in fairly 
rapid succession. In other words, the rate of application of 
the load is of great importance, if winking of lights is to be 
avoided. Therefore, the type of control for motor loads, for 
instance, should be given careful consideration in those cases 
where steadiness of the light is of first importance, and where 
motors and lights are on the same circuit. 

An extended series of tests has shown that, 1n most cases, 
10 per cent to 15 per cent of the rated capacity of the generator 
can be thrown on in a single step without materially affecting 
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the lighting on the same circuit, and provided the prime mover 
holds sufficiently constant speed. However, judging from the 
quickness of the voltage recovery, the prime mover, if equipped 
with any reasonable flywheel capacity, cannot drop off materially 
during the period of the voltage dip as shown in the curves. 
The dip in voltage due to the flywheel is thus apparently some- 
thing distinct from the voltage dip due to the load. However, 
if the load is thrown on in successive increments at a very 
rapid rate, the result will be a dip in voltage due to the prime 
mover regulation, although the voltage dips due to the load 
itself may not be noticeable. 

The above gives a rough outline of this interesting but little 
understood subject of voltage variations. Going a step farther, 
a similar explanation could be given for voltage rises when the 
load is suddenly interrupted, in whole or in part. This is 
usually known as the inductive kick of the armature when the 
circuit is opened. This may give rise to momentarily increased 
voltages which tend to produce flashing, as has already been 
referred to under the subject of flashing when the circuit breaker 
is opened. | 
PERIPHERAL SPEED OF COMMUTATOR 

This presents two separate limitations in d-c. design, one 
being largely mechanical and the other being related to voltage 
conditions. As regards operation, the higher the commutator 
speed, as a rule, the more difficult it is to maintain good contact 
between brushes and commutator face. This is not merely a 
function of spced, but rather of commutator diameter and speed 
together. Apparently it 1$ easier to maintain good brush con- 
tact at 5000 ft. per minute with a commutator 50 in. in di- 
ameter than with one of 10 in. іп diameter. Very slight un- 
evenness of the commutator surface will make the brushes 
“jump " at high peripheral speeds, and the larger the dia- 
meter of the commutator with a given peripheral speed, the 
less this 1s. 

The peripheral speed of the commutators 1s also limited by 
constructive conditions. With the usual V-supported com- 
mutators, the longer the commutator, the more difficult it is 
to keep true, especially at very high speeds and the higher 
temperatures which are liable to accompany such speeds. 
Therefore, the allowable peripheral speeds are, to some extent, 
dependent upon the current capacity per brush arm, for the 
length of the commutator is dependent upon this. "The per- 
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missible speed limits, as fixed by mechanical constructions, 
have been rising gradually as such constructions are improved. 
At the present time, peripheral speeds of about 4500 ft. per 
minute are not uncommon with commutators carrying 800 to 
1000 amperes per brush arm. In the case of 60-cycle, 600- 
volt synchronous converters, 5200- to 5500-ft. speeds are usual 
with currents sometimes as high as 500 to 600 amperes per arm. 
In the case of certain special 750-volt, 60-cycle converters, oper- 
ated two in series, commutator speeds of about 6400 ft. have 
proved satisfactory. These latter, however, had comparatively 
short commutators. ' 

For the small diameter commutators used in 4-с. turbo- 
generator work, peripheral speeds of 5500 to 6000 ft. have been 
common. However, such machines usually have very long com- 
mutators and of the so-called “ shrink-ring " construction. The 
brushes may not maintain good contact with the commutator 
at all times, and in a number of machines in actual service, the 
writer, in looking at the brush operation, could distinctly see 
objects bevond the brush contacts; that is, one could see 
“ through " the contact, and curiously, in some of these cases, 
the machines seemed to have operated fairly well. One ex- 
planation of this is that the gaps between brushes and com- 
mutator were intermittent, and, with one or more brush arms in 
parallel, one arm would be making good contact, while another 
showed a gap betwcen brushes and commutator.  Appar- 
ently, the commutators were not rough or irregular, but 
were simply eccentric when running at full speed and the 
brushes could not rise and fall rapidly enough to follow 
the commutator face all the time. Incidentally, it may be men- 
tioned at this point, that with the higher commutator speeds 
now in use, there has come the practise of “ truing ” commutators 
at full speed. This is one of the improvements which has al- 
lowed higher commutator speeds. 

The other limitation fixed by peripheral speed, namely, that 
of the voltage, is a more or less indirect one. It is dependent 
upon the number of commutator bars that are practicable be- 
tween two adjacent neutral points; or, in other words, it is 
dependent upon the distance between neutral points. The 
product of the distance between adjacent neutral points and the 
frequency, in alternations, gives the peripheral speed of the 
commutator, (distance between neutral points in feet times 
alternations per minute equals peripheral speed in feet per 
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minute). With a given number of poles and revolutions per 
minute, the alternations are fixed. Then, with an assumed 
limiting speed of commutator, the distance between neutral 
points is thus fixed. This then limits the maximum number of 
commutator bars, and therefore the maximum voltage which 
is possible, assuming a safe limiting voltage per bar. From 
this it тау be seen that the higher the peripheral speed, the 
higher the permissible voltage with a given frequency. Inthe 
same way, if the frequency can be lowered (either the speed or 
the number of poles be reduced) the permissible voltage can 
be increased with a given peripheral speed. Where the speed 
and the number of poles are definitely fixed and the diameter 
of commutator is limited by peripheral speed and other con- 
ditions, the maximum practicable d-c. voltage is thus very defi- 
nitely fixed. This is a point which apparently has been mis- 
understood frequently. It explains why, in railway motors, for 
high voltages, it is usual practise to connect two armatures per- 
manently in series; also, why two 60-cycle synchronous conver- 
ters are connected in series for 1200- or 1500-volt service. In 
synchronous converter work, the frequency being fixed once for 
all, the maximum 4-с. voltage is directly dependent upon the 
peripheral speed of the commutator. 


CONCLUSION 

The principal intent, in this paper has been to show that cer- 
tain limitations encountered in d-c. practise are just what should 
be expected from the known properties of materials and clectric 
circuits. The writer has endeavored to explain, in a simple, 
non-mathematical manner, how some of the apparently com- 
plicated actions which take place in commutating machinery 
are really very similar to better understood actions found in 
various other apparatus. An endeavor has also been made to 
show that a number of the present limitations in direct current 
design and operation are not based merely upon lack of ex- 
perience, but are really dependent upon pretty definite condi- 
tions, such as the characteristics of carbon brushes and brush 
contacts, etc. Possibly a better understanding of the character- - 
istics and functions of carbon brushes will result from this paper. 

The writer makes no claims to priority for many of the ideas 
and suggestions brought out in this paper. However, much of 
the material is a direct result of his own investigations and those 
of his associates during many years of experience with direct- 
current apparatus. 
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APPENDIX 


The following method of determining the maximum capacity 
which can be obtained with given dimensions and for assumed 
limitations as fixed by commutation, flashing and other con- 
ditions, is based upon certain formulas which the writer de- 
veloped several years ayo, and which appeared in a paper before 
the Institute.* 

On page 2389 of the 1911 Transactions of the Institute, 
the following general equation is given: 


LWR, T, r a “л 
E, = 108 Е (L — Ly) 1025 b +05) (D + Pp) 


Td T (0.9 + 0.035 N) + c: = (1.334, + 0.52 + 2.16 $ va | 


C42 Np R,T. 


+ 108 (1) 
Where Г = Current per armature conductor. 

W, = Total number of armature conductors. 

T, = Turns per armature coil or commutator bar. 
L & L, = Width of armature core and commutating pole 

faces respectively. 

D = Diameter of armature. 

P = No. of poles. 

М = No. of slots per pole. 

d, = Depth of armature slot. 

$ = Width of armature slot. 

n = Ratio of width of armature too&h to slot at 


surface of core. 
Сі, Co, Сз, Са ате design constants. 
In order to simplify the above equation, the following as- 
sumptions are made: 
(а) No bands are used on armature core, thus eliminating 
the last term in the above equation. 
(b) L, = L, thus eliminating the first expression inside the 
bracket in the above equation. 
Both the above assumptions are in the direction of increased 
capacity with a given short circuit voltage, E.. 
Equation (1) then becomes, 
*А Theory of Commutation and Its Application to Interpole Machines, 
A. I. E. E., Trans. 1911. 
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Es xL 4D 


ан 7 
108 : (0.9 + 0.035N) 


+ сз = (1.334, + 0.52 + 2.16 s Ул) | (2) 


The various terms in equation (2) should be put in such form 
that limiting values can be assigned to them as far as possible. 
In order to do this the equation can be condensed and simplified 
as follows, for large machines: 

(a) Assuming parallel tvpe windings,— 


T.2 E 
W, = ЄР, where V, = Average volts per commutator 
b 
bar ог coll. 
I, m ` 
L. = b awhere J, = Total current. 


IE = Kilowatts X 10? = Kw 10? 
Also, R, p = 2f, where f = Frequency in cycles per second. 
І. И.К. Т.п Kw, X 4 f T?m 


Therefore, — O P Tw Sq Kw, being the kilo- 


watts per pole. 
(b) Let P, = Armature tooth pitch. 


Np P, 
T 


Then D = 


r 
and с» = (0.9 + 0.035 №) = сз A 


2 (0.9 + .035 N) P, 
[n case of a chorded winding, the term 0.085 N should be 
0.035 Ni, where №, represents the number of teeth or tooth pitches 
spanned by the coil. 
(c) In the second term inside the bracket in equation (2), 


v. ub | ; Е 
the ratio < can be transformed into an expression containing 


P,, as follows: 


E = B, S.C, R, W. 
108 
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B, = Flux density in armature teeth. 
S, = Section of iron in armature teeth. 
C, = Field form constant (percentage polar area). 
R, = Revolutions per second. 
W, = Wires in series. 
S, = NT ples, where T = Width of tooth, and cs = the 
ratio of actual tron to the core width L. 
| | PE | 
As an approximation, T,, = "E (This is a fairly close ap- 


proximation within practical limits 1n the usual armature con- 
structions). 


, Pg. ТЕ 
Then, 5, = NPC (-) 


ша E e BC R W.N bes Pe (L) 

and Е = 4 x 105 (= 
L 4 x 108 E 

OT — = 


5 BiC,R,W,NpoPe- 


This can further be condensed as follows: 


W, = Т; 2 ‚ and K, b = 2 f 
V, 
De 10% V, 
Therefore, — = B,C, Nfa PeT. 


(d) The expression (1.33 d, + 0.52 + 2.16 s Vn) can be 
modified as follows, 

med ad s is that T,, Р 

п = \. = 4s = 9; 0n the basis that T,, = a 

approx. 

Then, 2.16 sVn = 1.08 P, approx. 
апа, (1.33 d, + 0.52 + 2.16 sVn) = (1.33 d, + 0.52 + 1.08 Ри 

Substituting all the above transformations in equation (2) 
we get, 


_ Kw,fT24 
Е, = “Pee Е (0.9 + 0.035 М) УР; 
Т C3 У, 108 


+ 


BC, NIG PFT (1.334, + 0.52 + 1.08 P ] (3) 
p с | 
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E. V, 10° 


Kw, = AT 


P? o 


И 11 TCV, 105 
Б (0.9 4-0.035 N1) NfP, + BC N СГ, 


(1.334, + 0.52 1.08 | 


Maximum Kilowatts per Pole. Differentiating (4) to obtain 
P, for maximum Kw), 


т 2 Сз V, 108 


Ee И ле. ^ 
Г. B,C, Na (1.33 d, + 0.52) 


PH 4с» N f (0.9 + 0.035 №.) = 


T Сз V, 105 


| 


If P, in equation (5) could be derived and then substituted 
in equation (4), then for any assumed value of E. and with the 
other terms given limiting values, an expression for the maximum 
kilowatts per pole could be obtained. The writer has not been 
able to solve this directly in any sufficiently simple manner, 
although a complicated approximate expression can be obtained. 
However, for practical purposes, the solution for any given con- 
ditions can be obtained by trial methods and the results plotted 
in curves. | 

For instance, in equations (4) and (5), the following terms 
may be given limiting values for a given class of machines and 
for a specified voltage. 


Turns per coil. 

End flux constant. 

N = Number of slots per pole. N, = No. of teeth spanned 
by coil. 

= Brush short circuit constant. 


с 


e 
кю 
| 


Сз = 
V, = Average volts per bar. 
C, = Field form constant. With max. volts per bar fixed, 


then V max. X C, = Ve. 
B, = Flux density in teeth. 
€; = Ratio of actual iron width to core width L. 


Also, type of armature winding can be fixed and departure 
from full pitch winding, or amount of chording can be given. 
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There will then remain for any assumed value of ££, the terms, 
Kw, = Kilowatts per pole. 

P, = Tooth pitch. 

f = Cycles per second. 

d, = Depth of armature slot. 


All four of these latter terms are in equation (4), and the last 
three in equation (D). Therefore, assuming the depth of slot, 
-equation (D), the values of P, for different frequencies may be 
determined by trial methods. The corresponding values of 
P,, f and d, can then be substituted in equation (4), and the 
kilowatts per pole thus determined. Tables or curves can then 
be prepared giving the kilowatts per pole for different frequencies 
and for different assumed slot depths. 

A series of such tables have been worked out for a specified 
set of conditions as given below. The assumed limiting con- 
ditions were as follows: 


Е, = 4.5,—that 15, one turn per coil parallel type winding 
is assumed. 

e.m.f. = 600 volts. 

Cp = 0.68 

V, = 14.3. No of commutator bars per pole = 42. No 
compensating winding is used. Therefore, V, 
= m and max. volts per bar at no load = 
14.3 _ 


— = 21. Allowing 25 per cent increase for 

0.68 
flux distortion, and increased voltages at times, 
gives 26.3 at full load. 

Сә 1.25 for average constructions. 

C3 = Varies with the number of coils per slot and the aver- 
age number of bars covered by the brush, but as- 
suming 2 bars covered, then C3 = 0.4 approx. 
with 1 slot chording, and with either 2 or 3 coils 
per slot. 

B, = 150,000 lines per sq. in. on the basis of actual iron 

and all flux confined to the iron. 

0.75. This allows for 90 per cent solid iron and } 

of the total width taken up bv air ducts (about 
$^ duct for each 2" of laminations). 


~ 
> 
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= 
| 


14 


2 
| 


| Two cases have been assumed, опе with 3 coils 
21 

per slot and 14 slots per pole, and the other with 
2 coils per slot and 21 slots per pole. 

14 Sltos ber Pole.—Substituting the above values in equations 


(4) and (5), then for 14 slots per d equation (4) becomes, 


Kw, = 3767 E, [59 за. ОР, (6) 


and equation (5) becomes | 
f P? = 18.36 (2.5 d, + 1) + 19 P, (7) 


Incidentally, equation (6) can be simplified to a certain extent 
by partially combining with equation (7), giving the following 
equation: 


-— —— —1 
Kw, = 99 Е, [ 075554 +0 43 P] ® 


Equation (8), of course, can only be used with the values of 
P, determined from equation (7). 

Three values for d, were chosen, 1 in., 1.5 in., and 2 in., which 
cover the practical range of design for large d.-c. generators. 
Frequencies from 5 to 60 cycles were also chosen. The corres- 
ponding values for P, and Kw, are tabulated below. 


TABLE I. 
f— 
Cycles dg = 1” 4; = 1.5" ds = 2” 
per sec. , 
Р( Kw, Р, Кир P, Kw, 
5 2.85 іп. 670 3.08 in. 647 3.255 in 620 
10 2.20 453 2.362 428 2.504 407 
20 1.685 299 1.828 282 1.945 266 
30 1.455 235 1.575 219 "1.680 208 
40 1.302 197 1.417 183.5 1.515 173 
0 1.20 173.5 1.305 160 1.398 151. 
60 1.125 153 1.226 143.5 1.310 135 


21 Slots Per Pole. Substituting the proper values in equations 
(4) and (6) for 21 slots per pole, and one slot chording, and then 
solving for P, and Kw, for the same slot depths and frequencies, 
the following table is obtained: 
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TABLE II. 
> 4; = lin. d, = 1.5 in. ds = 2 in. 
Cycles ° ; pm 
per sec. | 
P, Кир Pi Kwp Pi Kwp 
ыз з т —— ст =. 
5 1.985 in. 576 2.14 in. 542 2.27 in. 515 
10 1.53 380 1.56 335 1.77 338 
20 1.185 249 1.29 232 1.36 214 
30 1.022 195 1.12 181 1.192 168 
40 0.922 163 1.005 150 1.077 141 
50 0 850 142 0.932 131 0.997 123 
60 0.796 126 О. 874 117 0.936 110 


SYNCHRONOUS CONVERTERS 


Two cases only need be considered, namely 25 and 60 cycles. 
For these two cases, more definite limits can be given than for 
the above rather general solution for d-c. machines. 

25 Cycles. Let N = 21, and N, = 20; also, assume two 
coils per slot for 600 volt machines. 


Со = 1.0. 
Сз = 0.37 
B, = 165,000 
Ср = 0.7 


Then for assumed values for depth of slot of 1 in., 1.5 in., 
and 2 in., and for E, = 4.5, the following values of P, and 
Kw, are obtained: 


TABLE III. 
Depth of Tooth Kilowatts 
slot. . pitch. per pole. 
l in. 1.09 278 
1.5 1.19 PAT 
2 1.275 243 


60 Cycles. Let N = 15, and N, = 14. Also, assume 3 coils 
per slot for 600 volts. 


Сә = 1.0 
Сз = 0.4 
B, = 150.000 


C, = 0.66 
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Then assuminy slot depth of 1 in., 1.25 in., and 1.5 in., and 


E, = 4.0, the following values of P, апа Kw, result: 
TABLE IV. 
Depth of Tooth Kilowatts 
slot. pitch. per pole. 
lin 143 
1.25 1.195 137.5 
1.5 132 


The above tabulated results agree pretty well with practical 
results obtained in large generators and converters. There are 
so many possible variations in the limits assumed that only 
general results can be shown. For instance, in Table IL, a 
constant limiting induction in the armature teeth of 150,000 
lines per sq. in. is assumed. With low frequencies this can be 
increased, while with frequencies of 50 to 60 cycles, somewhat 
lower inductions will be used. Also, the commutation con- 
stant C, which is dependent upon the number of bars covered 
by the brush is naturally subject to considerable variation. 

The results obtained are predicated upon parallel types of 
windings and a minimum of one turn per armature coil. If 
types of windings having the equivalent of a fractional number 
of turns per coil less than one, prove to be thoroughly satis- 
factory for large capacity machines, then the above maximum 
capacities can be materially increased. However, accepting 
the results as they stand, the limits of capacity as fixed by 
commutation are in general about as high as other limitations 
will allow. 
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THE MODERN ELECTRIC MINE LOCOMOTIVE 


BY GRAHAM BRIGHT 


ABSTRACT OF PAPER 


The day of the small mine with small equipment is passing, 
and in the future most of the bituminous coal mining will be 
accomplished in larger mines using heavy equipment. The 
demand for larger capacity in equipment has been increasing 
rapidly of late, and owing to the restricted space available for 
the equipment on a mine locomotive, difficulty is being ex- 
perienced in designing equipment to meet the conditions. A 
possible solution of the problem is in providing forced ventila- 
tion for the motors which are of a type that require very little 
ventilation to produce a large increase in the continuous rating. 
This scheme has been tried out on a large locomotive and the 
results indicate that forced ventilation will play a prominent 
part in meeting the extreme severe conditions that are fre- 
quently arising in the mine locomotive field. 


HIS paper will deal with a particular phase toward which 
some of the new mine locomotives are tending. 

Motors for mine locomotives are rated in the same man- 
ner as the railway motor, that is, the one hour rating with a 
rise of 75 dey. cent. This rating unfortunately does not deter- 
mine the fitness of the motor to meet a certain set of conditions 
in mine service. The mine motor is essentially an entirely 
enclosed motor so that the losses must be dissipated by con- 
duction through the casing. In a locomotive with a box type 
frame, the air about the motor is trapped in, so that very little 
ventilation is obtained. With the open bar type frame the con- 
ditions are not so bad, as considerable ventilation is obtained 
around the motor. | 

The continuous rating of a mine motor is generally given at a 
reduced voltage since the average voltage applied to the motor 
in service is considerably below normal. This rating will 
be found to range from 35 per cent to 50 per cent of the hour 
rating of the motor depending upon the capacity, speed and de- 
sign. Itisa much simpler proposition to design a motor to give 
a high one hour rating than it is a high continuous rating. The 
hour rating depends largely upon the amount of material in the 
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motor and consequently its thermal capacity. The continuous 
rating, however, depends upon the distribution of the material, 
the distribution of the losses and the ventilation. The majority 
of mine operators buy motors on the one hour rating, while 
the real capacity of a locomotive for all day service depends 
upon the continuous rating of its motors. For a given set of 
conditions the root-mean-squared current can be readily de- 
termined from a characteristic motor curve and this root-mean- 
squared current should not exceed the continuous capacity of 
the motor if the motor is not to be overloaded. 

A number of operators and some engineers advocate a rating 
of so many horse power per ton weight of locomotive. This 
method may meet a great many conditions, but at times fails 
utterly. Unless the speed is high, a high horse power per ton 
cannot be utilized owing to the limited adhesion of the wheels. 

The limiting dimensions, weight, gage, and rail, greatly . 
handicap the design of a mine locomotive, and in the last few 
years the operating conditions have become difficult to meet 
owing to the increase in length of haul, weight of cars, and 
number of cars to be handled per trip. Some manufacturers 
have endeavored to meet these conditions by increasing the one 
hour rating of the motor while manifestly the proper thing to 
do is to increase the continuous rating. 

About a year ago the author had occasion to estimate on a 
24-ton locomotive to meet some very severe conditions. The 
haul was long and the grade against the loads. One manufac- 
turer had three 85-h.p. motors as the maximum available for 
the equipment. According to calculations this equipment was 
not large enough although on a horse power per ton basis it 
seemed amply large (a little over 10 h.p. per ton). A second 
manufacturer offered a 25-ton locomotive equipped with three 
115-h.p. motors. 

The customer decided to try out both kinds and two loco- 
motives of each make were installed. | 

The following tests made some time after the locomotives 
were installed clearly indicate that the high one hour rating of 
115 h.p. was obtained at the expense of the continuous rating 
so that the 85 h.p. motor is really the larger of the two. 

Both locomotives were operated in all day service and a 
complete record kept of the cars handled, the grades, the dis- 
tances and the weights. This service was, however, much lighter 
than was originally specified. "Table I shows the results of the 
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test made with the locomotive equipped with three 85-һ.р. 
motors. 

The temperatures given are actual temperatures, so that the 
rise indicates that the equipment is working right up to the 
limit and any further load added would shorten the life of the 
motors so that satisfactory service could not be obtained. The 
actual number of cars handled was about 75 per cent of the 
number originally specified. 

Table II shows the results with the 25-ton locomotive using 
three 115-h.p. motors. It will be noted from this table that the 
work done by the 24 ton locomotive was 42 per cent greater 
than the 25 ton locomotive equipped with the larger motors. 


TABLE I—24-TON LOCOMOTIVE 
Equipment, three 85-h.p. 500-volt motors 


Distance | Grade Pull in lbs. per car. Work done in lb-ft. 
700 0 47.5 33,300 
1400 2.5 142.5 200,000 
1800 1.0 85.5 153,000 
1600 0.425 63.5 101,100 
2400 2.5 142.5 342.000 
1450 1.1 89.5 130,000 
1750 2.5 142.5 249,000 
1880 1.06 85.0 165.500 
600 3.3 173.0 104.000 
ТО оа рей 1,477,900 
‘Total pound miles per car.... 279 


Total pound miles for 725 cars 202,300 | 


AIR TEMPERATURE 20 Dkc. CENT. 


Armature Commutator 
No. 1 motor 95 deg. 97 деу. 
No. 3 motor 92 deg. 97 deg. 


The temperature of the motors on the 25-ton locomotive will 
average but two degrees lower than that of the motors on the 
24-ton locomotive, showing that although the latter was doing 
42 per cent more work, the temperature of its motor was practi- 
cally the same as on the 25-ton locomotive, whose motors 
are supposed to have 37 per cent greater capacity. No doubt 
some of the increase in actual capacity of the 85-h.p. over the 
115-h.p. motor is due to the fact that the 24-ton locomotive 
is equipped with the open steel bar frame which allows consid- 
erable ventilation around the motor frames, while the 25-ton loco- 
motive is equipped with a slab steel frame which pockets the air 
and permits of very little ventilation. The temperature of one 
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motor of a second 24-ton locomotive, operating at the same time 
and doing about 10 per cent more work than the first, was 
found to have practically the same rise. 

As before stated, the service conditions are becoming more 
severe each year until conditions are somctimes submitted 
that cannot be met with by any of the standard equipments 
from a heating standpoint. The author has had in mind for 
the last few years that the time is coming when forced ventila- 
tion would be necessarv to meet such cases. Forced ventila- 
tion has been used very successfully for the last nine or ten 
years on large main line locomotives. As this particular in- 


TABLE II—25-TON LOCOMOTIVE 
Equipment, three 115-h.p. 550-volt motors 


Distance Grade Pull in lb. per car. Work done in lb-ft. 
700 0 47.5 33,300 
1400 2.5 142.5 200,000 
1800 1.0 85.5 153,000 
1600 0.425 63.5 101,000 
2400 2.5 142.5 342.000 
000 1.1 89.5 54,000 
ТӨП dicte de ate eae uaj EE do 883,300 
Total pound miles рег car.............. 167 
S Total pound miles for 851 cars. ......... 142.000 d 
AiR TEMPERATURE 20 DEG. CENT. 
Armature Commutator 
No. 1 motor 92 deg. 95 deg. 
No. 3 motor 92 deg. 95 deg. 
Rating of 25-ton locomotive............................. 345 h.p. 
Rating of 24-ton locomotive............................. 252 h.p. 
Work done by 25-ton locomotive......................... 142,000 pound-miles 
Work done by 24-ton locomotive................. eee ees 202.300 pound-miles 


stallation seemed to be such a case, permission was requested 
of the operating company to allow the manufacturer to install 
a small fan at one end of the locomotives to blow air through a 
duct to be so mounted that air could be delivered to the rear 
end of each motor. The commutator lid was raised around 
the edges a small amount to permit the air to escape. From 
200 to 300 cu.ft. of air per minute was supplied to each motor. 
The motor driving the fan required about one h.p. 

Before installing the fan in the locomotive a test was made 
on a single motor mounted on the test floor at the factory. 
The result of the test showed that with about 300 cu. ft. of 
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air per minute passing through themotor the continuous rat- 
ing could be nearly doubled. Since the continuous rating of 
a large slow-speed motor of this type without ventilation is 
only about 40 per cent of the one hour rating it will be seen that 
with ventilation this continuous rating is still considerably 
below the one hour rating. 

Owing to the dusty condition of the mine it was thought 
that trouble would be experienced by the motors being filled 
with dirt. During the heavy pull when bringing the trip out 
а great deal of dust is raised and the operators decided to run 
the fan only while the locomotive was going in with the empty 
trip. 

The results have been surprising both in regard to tempera- 
ture rise and the condition of the motors. 

Table III shows the result of a test made by the operating 


TABLE III 
Three 82-В.р. Three 115-h.p. 
motors motors 

Mine air at beginning of test................... 25 deg. cent 25 deg. cent. 
Motor frame os s Oa RE VER Ad wad Os фа 35 ^ 35 ° 
Motor armature.................... oce RC Ion 42 А 42 s 
Mine air at end оҒдау........................ 25 a 35 S 
Motor frame at end оҒдау.................... 75 s 93 T 

97 š 121 x 


Motor armature at end оҒдау................. 


company on the locomotive with blower, and a locomotive 
equipped with 115-h.p. motors without a blower. Тһе load 
conditions were much more severe than on the original test 
and the latter locomotive was doing about 5 per cent more 
work than the former. 

The results shown in Table III were obtained with the fan 
on the 24-ton locomotive operating condiserably less than 50 
per cent of the time. Ап inspection of the inside of the motors 
showed that they were much cleaner than the ones not using 
forced ventilation. The results of the tests show conclusively 
that the increased capacities that are being demanded can 
be economically met by the use of forced ventilation with 
standard motors if these motors are properly designed. 
This will prove quite a saving to the operators, since without 
forced ventilation new and expensive motors would have to 
be be signed. 
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[t is the intention now to install a blowing equipment on the 
other 24-ton locomotive and on both locomotives equipped with 
115-h.p. motors. It is not probable that the 115-h.p. motor will 
receive as much benefit from forced ventilation as the 85-h.p. 
motor, due to the fact that the armature of the 85-h.p. motor 
is furnished with ventilating slots while the 115-h.p. motor 1s not. 

Гір. 1 is an illustration of the 24-ton locomotive, and with 
its ventilating equipment it has a greater capacity than any 
other mine locomotive yet built. 
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ABNORMAL VOLTAGES IN TRANSFORMERS 


BY J. MURRAY WEED 


ABSTRACT OF PAPER 


This paper deals with the electrical behavior of transformer 
windings when subjected to steep wave fronts and high-fre 
quency wave trains. The dependance of the internal voltages 
produced, upon the distribution of capacity with the induct- 
ance of the winding 1s discussed. 

Practical windings are divided into two general classes, onc 
in which inductance and capacity are practically uniformly 
distributed, and the other in which the capacity is more or less 
concentrated at certain points, with relatively concentrated 
portions of inductance intervening. 

Neglecting the effects of the high frequency dielectric losses 
in the insulation at high frequency, distinct mathematical an- 
alysis is given to these two classes of winding to determine the 
ratios of the internal voltages to the voltage of the external 
wave or wave train. The resulting internal voltage distribu- 
tions are plotted for various frequencies, and curves are plotted 
for the relations of maximum internal voltages to frequency. 
These curves show that some frequencies are dangerous, while 
others are not, but it can not be said that one of these types of 
winding is better than the other from the standpoint of the 
possibility of excessive internal voltages. 

The analvsis is by no means complete, but an examination 
is made of the facts and fundamental principles involved which 
will enable us to insulate for and guard against excessive internal 
voltages in a more scientific manner. 


ROM THE first use of transformers, the occurrence of 
excessive voltages between adjacent turns or sections of 

the same winding, as a result of switching, sparking discharges 
or lightning, forced itself upon our attention by its results in 
punctured insulation. In the early stages of development, 
the effort was onlv to insulate adjacent turns and coils from 
each other in a manner to give a satisfactory factor of safety 
for the calculated transformer voltages, and lightning arresters 
were developed for protection from excessive external voltages. 
It was found, however, that breaks between turns—usually the 
end turns of the winding—were altogether too frequent. It 
was then recognized that a sudden application of voltage, or 
sudden change of voltage, at the transformer terminals, would 
not instantly distribute itself throughout the winding, but was 


Manuscript of this paper was received July 15, 1915. 
1021 


1622 WEED: TRANSFORMER CONNECTIONS (Sept. 17 


more or less concentrated at the first instant across the end 
turns. It was seen that this condition was not remedied 
by lightning arresters, and the use of extra end turn insulation 
came into vogue. Also the practise of connecting choke coils 
between the transformer winding and the line. 

Some very lively discussions occurred as to the relative 
merits of external inductance and end-turn insulation. Кес- 
ommendations were made as to the amount of inductance 
necessary, on the one hand, and, on the other, for the portion 
of the winding requiring extra insulation. But with increased 
experience it was found that the protection afforded by an external 
inductance in many cases did not eliminate the necessity for extra 
turn insulation. Also that with extra end turn insulation more fre- 
quent breaks occurred further in from the ends, and, in fact, the ex- 
tra insulation on the end turns was itself occasionally subject to 
failure. To meet the requirements for safety, as indicated by ex- 
perience, this insulation has been gradually increased, and 
gradually extended further from the ends, until at present 
many large high voltage transformers have what might be called 
re-enforced turn insulation throughout. Where a factor of 
four, for instance, applied to normal voltages to ground, gives 
ample strength for the major insulation between the high- 
voltage winding and the low-voltage winding and core, a factor 
of from 50 to 100 times as ргеа is used in these transformers 
with respect to the insulation between turns. Thus, this in- 
sulation has a strenyth several hundred times as great as the 
normal ratio voltage between turns. | 

In this matter of internal insulation, experience has been 
a tedious and a costly teacher. When failure has occurred, 
the cause was often so uncertain as to leave doubts as to the 
merits of the case. There were so many causes to which the 
difficulty might be ascribed, such as dirt, moisture and faulty 
construction or abnormal operation, that a number of failures 
were required to convince the designers that more insulation 
was needed, or that the design should be modified. Moreover 
it has been necessary throughout for the designer to entertain 
considerations not only of safety, but also of economy. Up 
to the present, however, he has been handicapped in his efforts 
to properlv adjust these contending considerations by the 
lack of adequate phvsical conceptions; first, of the nature and 
extent of the disturbances from which external protection can- 
not reasonably be expected; and second, of the clectrical be- 
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havior of the windings themselves when subjected to these 
disturbances. These questions have been the subject of special 
investigation, with the result that a new epoch in transformer 
design has been initiated, based upon a better knowledge of 
the physics involved. The present paper deals only with the 
second .question, no consideration being given to the severity 
of the disturbances which may occur in practise. 

Our consideration of the nature of the effects produced will 
be based upon two classes of disturbances, which are typical; 
namely, the high-frequency wave train and the abrupt wave 
front. If we consider the effects of sheer wave fronts, or volt- 
age changes of given amplitude which are absolutely sudden, 
and of wave trains which are sustained with uniform amplitude, 
we will have considered conditions which are worse in these 
respects than the worst which occur in practise. These con- 
siderations will, however, show us the nature of the results 
which may occur in practise, and mathematical discussion is 
more easily based upon these extreme conditions. 

Transformer windings are ordinarily thought of merely as 
large inductances. In reality, they contain a rather large 
amount of capacity distributed in different ways depending 
upon the type and arrangement of the winding. For ordinary 
normal operating frequencies, in a steady state, the effect of 
capacity is negligible, and the winding acts like a simple con- 
centrated inductance, with voltage uniformly distributed. At 
high frequencies, however, or when а sudden voltage is impressed, 
the effect of capacity in disturbing this voltage distribution 
becomes important. This is due to the fact that at high fre- 
quencies, conditions of resonance are reached for the various 
combinations of inductance and capacity. This action will be 
understood when we consider certain typical combinations. 

Considering first the effect of an alternating voltage im- 
pressed upon an inductance and a capacity in parallel; the cur- 
rent taken by the capacity, with constant voltage, is directly 
proportional to the frequency, while the current taken by the 
inductance is inversely proportional thereto. The frequency 
at which these currents are equal is called the resonant fre- 
quency for this combination. The direction of these currents 
with respect to the external circuit, or source of impressed 
voltage, are opposed to each other, so that this combination 
takes no resultant current from the external circuit at its reso- 
nant frequency, however high the voltage may be. It there- 
,iore acts, under these conditions, like an open circuit. 
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At frequencies below the resonant frequency for this com- 
bination, the resultant current will be the excess of that taken 
by the inductance over that taken by the capacity, while at 
frequencies above the resonant frequency, the resultant current 
will be the excess of that taken by the capacity over that taken 
by the inductance. Thus, so far as the external circuit is con- 
cerned, this combination acts like an inductance at frequencies 
below sts resonant frequency, and like a capacity at frequencies 
above its resonant frequency. | | 

If, now, we have two parallel arrangements of inductance and 
capac. ty, in series with each other, the resonant frequency of the 
two arrangements being different, the action, at frequencies 
between these resonant frequencies, so far as the voltages across 
the individual arrangements and the current in the external 
circuit are concerned, is the same as with an inductance and a 
capacity in series. 

Considering the cffect of the impressed alternating voltage 
upon an isductance and a capacity in series, we find the same 
current in both, while the voltages across the inductance and 
the capacity are in opposition to each other. The voltage im- 
pressed upon the combination is the resultant, or the arithmetic 
difference between these two voltages. With constant current 
in this circuit, the voltage across the inductance is proportional 
to the frequency, while that across the capacity is inversely pro- 
portional to it. The resonant frequency is that frequency at 
which these voltages are equal to each other. With any finite 
voltage across the combination it is seen that the resonant fre- 
quency would result in infinite voltages across the separate 
elements of inductance and capacity, except for the effects of 
losses which exist within the inductance and capacity, which 
will not be described here. The current, however, which 
can be supplied by the generator or the line, is limited, and 
since the voltages across the inductance and the capacity are 
fixed by the current, the resultant of these two equal and opposite 
finite voltages would be zero. This combination, at its resonant 
frequency, acts therefore like a short circuit. At frequencies 
lower than the resonant frequency for this combination, the 
voltage across the capacity will be greater than that across the 
inductance, while at frequencies higher than the resonant fre- 
quency, the voltage across the inductance will be greater. This 
combination will therefore act like a capacity at frequencies 
below tts resonant frequency, and like an inductance at frequen- 
cies above,that frequency. 
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In various types of windings, as stated above, we find capacity 
distributed with the inductance in various ways. There 15 not 
only capacity to ground, as represented in transformers Бу the 
core and case, but also capacity between parts of the winding, 
and in transformers capacity to the opposite winding. The 
capacities between portions of the same winding are capacities 
In parallel with the inductances of those portions. Also the 
capacities to ground, in the case of a winding which possesses 
a fixed ground or definite neutral point, are in parallel with the 
inductances between the points where the capacities are located 
and the ground or neutral point. We have, therefore, various 
parallel combinations of inductance and capacity in series 
with various other such combinations, which gives opportunities 
for resonance and excessive internal voltages at various points 
within the winding, occurring respectively at different frequen- 
CICS. | 

We will now consider the effects of a sudden or abrupt voltage 
impressed upon typical combinations of inductance and 
capacity. In the case of a simple capacity, the current at the 
first instant is limited only by the external or supply circuit. 
Since current cannot be built up instantly in supply circuits 
which we have to consider, on account of their inductance, the 
voltage across the condenser will start at zero, at the first instant, 
and as the condenser becomes charged it will build up to the full 
value, and current will cease. At the first instant it acts like 
а short circuit, but in its final state hke an open circuit. 

With a simple inductance, the action will be just the reverse 
of that with the capacity. The current, at the first instant, 
will be zero, with the full value of voltage, but ultimately the 
current is limited by the supply circuit only, and the voltage 
across the inductance is zero. At the first instant the inductance 
acts like an open circuit, but in its final state like a short circuit. 

With an inductance and capacity in parallel, the combina- 
tion acts like a short circuit, at the first instant, due to the 
presence of the condenser, and in its final state, it acts like a 
short circuit, due to the presence of the inductance. During 
the intermediate period a certain voltage will grow, and then 
disappear, due to the combined action of the capacity and the 
inductance, but this voltage will never reach the value which 
would appear with an open circuit, since current exists during 
this period in both the inductance and the capacity. 

With an inductance and capacity in series, the combination 
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acts like an open circuit, both at the first instant, because current 
cannot flow instantly through the inductance, and in its final 
state, because current cannot flow continuously through the 
capacity. At the first instant, the total voltage is across the 
inductance, while in the final condition, it is all across the 
capacity. During the interval between the first instant and the 
final condition, an oscillation takes place, with a maximum 
voltage across the inductance equal to the impressed voltage, 
and a maximum voltage across the capacity of double that value. 

A combination such as is found in windings, as described above; 
namely, various parallel arrangements of inductance and capacity 
in series with other parallel arrangements, will act like a short cir- 
“cuit at the first instant, on account of the existence of the series 
of condensers across the entire combination. It will also act like 
a short circuit in its final state, on account of the series of induc- 
tances. During the intermediate period, the voltage across 
the combination will grow and then disappear in a manner 
similar to that mentioned above for a single inductance in parallel 
with a single capacity. If the various capacity units in this 
arrangement are in inverse proportion with the respective in- 
ductance units with which they are in parallel, the voltage 
will at all times be uniformly distributed throughout the induc- 
tance. That is, the voltage across the various inductance units 
will be proportional to the respective amounts of inductance, 
andin inverse proportion to the amounts of capacity. This 
result is produced with a current flowing through the series of 
inductances, with the same value in all, and another distinct 
current flowing through the series of condensers, with the same 
value іп all. 

If the capacities and inductances are not in the proportions 
specified above, the uniform distribution of voltage will not exist, 
but oscillatory disturbances will be set up which are similar in 
a general way to those produced by the capacity and inductance 
in series, due to the fact that, since currents cannot flow at the 
same time through the inductances with the same value in all 
and through the condensers with the same value in all, currents 
which flow through inductance in one part of the combination 
must flow through capacity in another part. The exact nature 
of the oscillation produced depends upon the particular com- 
bination of inductance and capacity which is found, and would 
need investigation for the particular case. 

If consecutive voltages, or changes in voltage, be impressed 
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upon the combination of inductance and capacity found in a 
winding, the resulting oscillations are superposed upon each 
other. It is clear, therefore, that excessive voltages may be 
built up by a series of such voltage changes or wave fronts, 
occurring at intervals corresponding to a resonant frequency 
of the particular combination of inductance and capacity. 
Such a series of waves would, in fact, constitute a wave train 
of the resonant frequency for this combination. 

While the distribution of capacity with inductance in trans- 
former windings is ordinarily too complicated to be accurately 
expressed in simple terms for mathematical analysis, yet wind- 
ings may be divided into two general classes, which are roughly 
represented by simple typical arrangements, and an investiga- 
tion of the behavior of these simplified arrangements of in- 
ductance and capacity will give us a very satisfactory con- 
ception of the behavior of the two types of windings. We will 
now proceed to investigate in some detail these two classes of 
windings, which are: 

1. Windings in which inductance and capacity are practically 
uniformly distributed. 

2. Windings in which the capacity is more or less concen- 
trated and localized at certain places in the winding, the in- 
tervening portions of the winding constituting relatively con- 
centrated inductances. 

There is no definite line of division between these two classes, 
since, if the individual portions of inductance and capacity 
are relatively small, and the frequency relatively low, the 
latter type of winding will act like the former type, in accord- 
ance with the principle by which a telephone line loaded with 
inductance coils at sufficiently frequent intervals acts like a 
line with uniformly distributed inductance with respect to tele- 
phone currents, which have a wave length sufficiently great 
that several:of the loading coils occur within the length of a 
half wave in the line. The classification as to behavior of any 
given winding depends, therefore, upon the frequency of the 
disturbance that is considered. | 

A winding consisting of a single cylindrical layer is the simp- 
lest example of the first type mentioned above, while the second 
is represented by a winding consisting of groups of pancake 
coils interlaced with the coils of a low-voltage winding, which 
will here be considered as ground. We will first consider the 
behavior of: 
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Windings with Inductance and Capacity Uniformly Dis- 
tributed. A wave arriving from the line at the terminals of a 
winding of this {уре will be partially reflected and partially 
propagated into and through the winding. It will produce no 
internal oscillation, but will merely pass along the winding, 
with velocity reduced and voltage increased from those found 
in the line. The tendency of both of these effects is to produce 
a steeper wave front in the winding than that found in the line, 
with correspondingly large transient voltages between turns. 
If the wave front is steep, however, there 1$, on the other hand, 
a very important opposite tendency to reduce the voltages 
between turns due to the capacity between turns. 

If we consider, for instance, the effect of a sheer wave front 
arriving at the terminals of such a winding, the distribution 
of voltage, at the first instant, will depend upon the distri- 
bution of capacity from the first turn to ground. Referring 
to Fig. 1, which represents the 
type of winding considered, it — TY TY T1 KK | ДАА то 
is seen that this capacity is 
represented by a serics of con- prm 
densers between adjacent turns, 
with the capacity of each turn Diagram of Eus and inductance 
to ground shunting the part of in winding with uniformly distributed 
the system beyond that turn. “У 
This combination of capacities 1s the same as that investigated 
by Mr. F. W. Peek, in his paper on “ Electrical Characteristics 
of the Suspension Insulator,” Transactions of A.I.E.E., Vol. 31, 
Part I, pages 907-930. If the capacities between turns are 
large as compared with the capacities of the individual turns 
to ground, and this is the condition found in practise, the total 
voltage, at the first instant, is distributed by the action of the 
system of condensers over a considerable number of turns. 
Although the maximum voltage will be found on the first turn, 
this will be a small percentage of the total voltage, and smaller, 
the larger the capacities from turn to turn. This indicates a 
disadvantage of extra end-turn insulation, which reduces the 
capacity between turns, and thereby increases the transient 
voltages which may occur between turns. 

The waves entering this winding will traverse it and be re- 
flected in it in much the same manner as in a transmission line. 
А reflection point corresponding to the closed end of a line 
will be found at the middle of the winding for single-phase or 
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delta-connected transformers, with conjugate half waves arriv- 
ing at opposite terminals at the same time, or at the further 
end for Y-connected transformers with grounded neutral. A 
reflection point corresponding to the open end of a line will 
be found at the middle of the windiny for single-phase or delta- 
connected transformers with half waves of the same polarity 
arriving at opposite terminals at the same time. 

With a wave train of given frequency entering the windings 
the position and character of the reflection point fixes the loca- 
tion of the nodes of the resulting standing wave train. Neglect- 
ing the effect of internal losses, this also determines the ratio 
of the resulting internal voltages to those existing in the line. 
This relation is illustrated in Figs. 24, 2B and 2c, which repre- 
sent standing waves of voltage in the winding in their relations 


Line’ y-—— 


Ее. 24 Fic. 28 Fic. 2c. 
Standing waves of voltage іп winding with uniformly distributed capacity, as 
. . ‚ š y Z° 
related to standing waves in the linc, for different values of À у z =10. 
ot 


to the standing waves in the line. Referring to these figures, 
we call the maximum value of voltage in the line Ei, and that in 
the winding Е. The length of the winding from the entrance 
to the reflection point is y, and the wave length within the wind- 
ing А. Then, from the figures, we derive the equation 


Е. _ ‚1 
Е, SEIS EC NM CI UE 
n P4 2) 44% y (1) 
M ain 2T X + (2 соз: 2T N 


where Z), and 2; are the wave impedances respectively of the 
lines and the winding. 4, апа 2. аге further defined by the equa- 
Ly L | 
tion Z, = a па 4: = ra where L, and С, are respec- 
1 2 
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tively the inductance and the capacity per unit length of the line, 
and L, and С; the effective inductance and the effective capacity 
per unit length of the winding. This equation is derived as 
follows: 

The number of wave lengths between the reflection node and 


the entrance to the winding is x , and a is the fraction of a wave 


length between the entrance and what would be the next node 
of same character as the reflection node, if the line were continu- 
ous. Let E and I be the voltage and current at the entrance, 
which are common to the line and the winding. Then, remem- 
bering that voltage nodes are current antinodes, and vice versa, 
we may write 


E = Es sin 2т 2. = Е, sina | (2) 
and 
I = 1.005 2 т ў = сова (3) 
š E Е, | E Е, ж 
ог, since 1, = 2 and Is = En (4) 
EN 2 атка 
І Z, cos 27 X Z, cos a 


whence, by the relation cos = V 1 — sin?, we have 


Es Zi y ) 
ai ° 
sin? a = 1 — [ ——- cos 2 T = 5 
(= 2% À (8) 
From (2) we have 
E» as sin a 
ae y 
i sin 2 T = (6) 
А 
азан т == = TOL =: x ее 
*See discussion on “Some Simple Examples of Transmission Line 


Surges,” page 1641 of A.I. E. E. PROCEEDINGS, October, 1914. 
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Substituting sin a from (8) and simplifying, we get equation 
(1). 

The way in which the internal voltages build up to the valucs 
shown in the figures and represented by equation (1) is explained 
as follows: With respect to the first wave of a traveling wave 
train, the transformer winding will act practically as open circuit 
to the line, regardless of the length of y, on account of the small 
amount of current admitted. That is, a voltage antinode and 
current node will be produced in the line at the entrance. Соп- 
centrating our attention upon figure 2в 


10 

58 with y = А. we find that the internal 

a 6 

~ 4 reflection will produce a voltage node 

3 2 at the entrance. The succeeding wave 

а 6 will therefore find as free admission 
$ 6 9 à $5 as the first, and its current will be 


superposed upon that of the internal 
Be i standing wave already produced. This 
Maximum voltage in wind. Process will continue, admitting more 
ing with uniformly distributed and more current from the line with 
capacity, as affected by the š : 
ratio of winding length to Cach succeeding wave, until the cur- 
wave length, >. in terms of Tent node found at first in the lineat 
the maximum standing wave the entrance becomes an antinode, while 
voltage in the line. Plotted the voltage antinode is reduced to a подс. 
HO equation ACD MISMO For the particular casc represented by 
TUM figure 25, which gives the maximum in- 
ternal voltage, since y 2 1/2 À, equation (1) simplifies to the form 


x (A constant) 


E» Z: " 
Em (for y = 1/2 X) (T) 


The current in the winding is the same as the current in the line 
and the voltages are proportional to the respective wave impe- 
dances. Equation (7) holds for values of y such that y 21/2 Лог 
any multiple thereof. 

The maximum internal voltage which could be produced is 
plotted in Fig. 3 in terms of the external standing wave voltage 


š . 4 ae ' 
Ел, for the ratio a = 10, with y varying between О and 3 À. 
1 


This curve repeats itself for the ranges of у between š À and À. 
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between A апа 1} A, etc. Тһе minimum value for these volt- 
ages found for y equal 1 À or any odd multiple thereof, is 


Е» 


p = 1 (for y = 1/4 А) (8) 


It is worthy of note that for values ofi varying between 0 


and 1, 4 and 3, etc., the current taken by the winding from the 
line lags 90 deg. in time behind the voltage at the transformer 
terminals, whereas for values between } and 3, š and 1, etc., the 
current leads the voltage by 90 deg. That is, in the former cases 
the winding acts like an inductance, and in the latter like a 
capacity. 

It should be noted, that, though the wave lengths as repre- 
sented in the figures are the same in the winding as in the line, 
this is not true in ordinary linear measure. The linear relation 
between wave lengths is found as follows: The relation between 
frequency, velocity and wave length is 


ҮЙ 
fw (9) 


where the velocity 15 | 
1 
в = Еа (10) 
VLC 


and L and C are the inductance and the capacity per unit length 
of the circuit. Since the frequency is the same for the line and 
the winding, using the subscripts 1 and 2 for the line and the 
winding respectively, we have 


= ae А, (11) 


The effect of frequency upon the internal voltages will become 
more obvious if we substitute 1n equation (1) the value of А 
in terms of frequency, and inductance and capacity per unit 
length of the winding. This 15 


1 


= туре x 
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The substitution gives 


_ d 


— - — —— —n ———— -— >J Ü — c  — —FTr —M 


ВЕ жес. Үйі 
М sin 2mfy V L, Co (ZY cos cos? 2 T f y nid С; - (13) 


We must still consider, moreover, the effects of frequency upon 
L апа С), since, at high frequencies, the effective inductance 
and the effective capacity per unit length of the winding arc 
affected by the frequency. 

The turn to turn capacity between positive and negative half 
waves becomes important at high frequencies, on account of the 
proximity of the half waves. This capacity has the same effect 
upon vclocity, wave length, wave impedance and voltage as twice 
the same amount of capacity to ground, and must thercfore be 
added to the capacity to ground at double valuc. 

The increase in total effective capacity per unit length with 
increased frequency, due to this cause, is all the greater on ac- 
count of its reflex action. By reducing the velocity of рторара- 
tion, it brings the half waves still closer together, with consequent 
further increase 1n effective capacity. 

On the other hand, the effective inductance per unit length of 
the winding will be reduced by increased frequency. Thisis due 
to the fact that the part of the winding which acts as a unit with 
respect to inductance is reduced by the shorter wavelength. 
This effect 1s illustrated by Nagaoka's table of correction factors 
for inductance calculated for a single layer coil by the formula 
for a long solenoid. This table, given in “ Calculation of Alter- 
nating Current Problems " by Cohen, pages 80 and 81, gives 
correction factors varving from unity for the infinitely long sole- 
noid to 0.2 for a coil of length 0.1 as great as its diamcter. 

This reduction in inductance with increased frequencv will 
tend to neutralize the effect of increased capacity upon the 
velocity of propagation, but augments its effect upon the wave 
impedance of the winding. If we assume that the factor by 
which the capacity 1s increased 1s the same as the factor by which 
the inductance 1s decreased, the sine and cosine terms in equation 
(13) will not be affected, the only effect upon the internal volt- 


ages due to the variations in capacity and inductance with fre- 
2 


E, 


: і : Zi I 
quency being that which appears in the factor % ‚ which may 
2 


be written Z: 


С» 
Li 
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Where Ly and Cy are the total inductance and capacity of the 
winding measured at normal opcrating frequency, if we assume 


that the wave impedance of the winding is ve for the fre- 
w 


1 
quency f = Tm 


10 10 
winding, and if we assume further that, due to the changes in 
inductance and capacity, the wave impedance is inversely pro- 
portional to the square root of the frequency,* we may write, for 
any frequency, 


, which gives a 3 wave length within the 


Ёш pa 5 26 (14) 


We have also, when y is the total length of the winding | 
y VL, C» = VL, ER (15a) 
and when y is 4 of the length of the winding 


y VIG = Vie (18b) 


Substituting (14) and (16a) in (13) we obtain 


E; D 1 16 
In 2 Z f Cui? —— (168) 


VA sin? 27 f V LvC, t ру: 608" 27 f V Lx Ca 


or from (14) and (15b) 


Е 1 
Es 47. a > Z f Cp 2 Е 
M sin? wf ViwCe + ay DER cos? T f V L, С, 
ш 


(16b) 


The internal voltages in terms of the line voltage, in accord- 


*This is equivalent to the assumption that Ly is inversely and Ce 
directly proportional to the square root of the frequency. 
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ance with equations (16), are plotted in Fig. 4, for the assumed 
values of | 


Z, = 490 ohms 
Cy = 0.00248 mf. 
Ly = 0.175 henrys 


The effects of losses within the transformer winding were not 
taken into account in the above derivations. The dielectric 
losses at high frequency and high voltage are high, and cause a 
rapid damping of the entering wave train as it traverses the wind- 
ing. The outgoing wave being smaller than the incoming one, 
this gives a combination of traveling waves and standing waves, 


(a) y = full winding. 
(b) y = half winding. 


Voltage (Е! as unit) 


о 10 20 30 40 50 60 70 


Kilocycles 
Fic. 4 


Effect of frequency upon the maximum voltage in winding with umformly dis- 
tributed capacity, in terms of the maximum standing wave voltage in the line. 
Plotted from equation (16b), with Zí = 490 ohms, Су = 0.175 henry and C,, 
= 0.00248 m.f. 


the standing waves being smaller the greater the damping. 
This not only prevents the internal voltages from building so 
high, but throws them out of phase with each other. With a 
true standing wave train, all voltages are in the same time phase, 
and either add or subtract numerically, but voltages measured 
between points equally distant in the winding have every value 
from zero to maximum. With a pure undamped traveling wave, 
the same voltage may be measured between points equally 
distant in the winding, but all phase relations are found. With 
traveling waves superposed upon standing waves, we find both 
varying voltages and varying phase relations between equidistant 
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points. This is what we will expect to find in a transformer 
winding of this tvpe, the voltages being most nearly in phase 
near the node of reflection, where the standing waves predominate 
and furthest out of phase, but almost nearly equal, between 
equidistant points near the entrance, where the traveling wave 
component 16 maximum, 

Winding With Capacity More or Less Concentrated and Local- 
ised. A winding consisting of groups of pancake coils inter- 
laced with a low-voltage winding is represented by the simplified 
arrangement of capacity and inductance in Fig. 5. If the middle 
of this winding is grounded, or a neutral point, the middle capac- 
ity Сз is short circuited. Neglecting the capacities C, and Cs, 
adjacent to the line, which exist also with the winding with 
distributed capacity considered above, and also neglecting the 
turn-to-turn and coil-to-coil capacities, which are in parallel 
with the respective inductances, we will consider a disturbance 


11 12 L3 ы 
с Ce сз с, Cy 
Ground 
7 
Fic. 5 


Diagram of capacity and inductance in winding with localized capacity. 


entering this winding from one end. We find between the line 
and neutral, or ground, the inductance L, 1n series with the paral- 
lel arrangement of inductance L; and capacity Cs. Any other 
location of neutral point or ground, as with one end of the wind- 
ing grounded, will give a more complicated arrangement of 
inductance and capacity between this point and the line. The 
behavior of such combinations 15, however, bascd upon the same 
principles as those which we will consider in detail in connection 
with this most simple arrangement. 

An impulse or wave of sufficiently short duration impinging 
upon this combination would be practically unfelt beyond the 
inductance Lı, since the current in the inductance would be zero 
at the first instant, and current must flow to charge the capacity 
Сз. Ifthe inductances and capacities were distinct concentrated 
quantities, as assumed, the voltage of this wave would be uni- 
formly distributed between the turns of inductances 11. There 
1s, however, a certain amount of capacity to ground distributed 
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with the inductance. In fact, a large part of the capacities 
shown concentrated in the figure are distributed near the ends of 
the inductances. This would effect the concentration of the 
voltage of an abrupt wave front over a very small number of 
turns, and in the ultimate conceivable limit, with a perfectly 
sheer wave front, over a single turn, if it were not for the fact 
that we have also capacities between turns. As in the winding 
already considered, these capacities between turns always effect 
the distribution of an abrupt voltage over a considerable number 
of turns, the voltage between adjacent turns being smaller, the 
larger the capacity between turns. | | | 


Е Line l4 lo 
' ce Е 
L— вы: £ 
| une 


WAIT 


"Bt 
Time in milliseconds 
Fic. 6 


Voltage oscillations set up by a traveling wave with abrupt front, in a winding with 
capacity localized as shown in the sketch. Plotted from equations (86a) and (87a), 
with Zi = 490 ohms, Li = Le = 0.1 henry and C: = 0.0005 m.f. 


With a wave of considerable duration, an oscillation is pro- 
duced, which is investigated mathematically in an appendix 
to this paper, the resulting voltages across L, and Lz being plotted 
іп Fig. 6 for the values L, = L, = 0.1 henry, С. = 0.0005 mf. 
and Z, = 490 ohms. 

If a wave of opposite polarity from the first one appears at the 
terminals of the winding at the end of the first or any odd num- 
bered half cycle of the oscillation due to the first wave front 
shown in Fig. 6, a new oscillation will be superposed upon the 
first one in phase with it, with a corresponding increase in am- 
plitude. With no damping in the winding, the amplitude of the 
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voltages which might be built up in this manner by a succession 
of wave fronts of opposite polarity, so timed as to be in resonance 
with the oscillations of the winding, depends upon the current 
supplied by the line. The reflection of the first wave at the 
transformer terminal produces a voltage antinode and current 
node at the entrance of the winding. As the resonant voltages 
build up across the parts of the winding, the high frequency 
current taken by the winding increases, gradually changing the 
voltage antinode and current node at the entrance to a voltage 
node and current antinode. This supplies the maximum current 
which can be delivered by the line and consequently limits the 
resonant voltages produced. 

The frequency of the oscillations expressed in equations (36) 
and (87) of the appendix, and represented in Fig. 6, at which 
resonant voltages may be built up as described above, is the 
same as the frequency of resonance which would be calculated 
from the ordinary impedance equations. Thus, for the parallel 
combination of Г and Со, at frequencies above its resonant fre- 
quency, the equivalent capacity impedance is (writing w for 


2 m f). 
1 1 w Le 


“С” ед ru w? Le Cs — 1 (17) 


This equivalent capacity resonates with the series inductance L, 
at a frequency giving 


why = р (18) 


qu = A 1л + Ly (19) 
Or, when L, = L: dropping subscripts 


w = ка (20) 
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This is the value of c in equations (36Ъ) and (37Ъ) as shown in 
(36a) and (37a) of the appendix, and the frequency found in the 
oscillations of Fig. 6 is 


l 2. 
— M E. 


Assuming that Li, L and Сз are not affected by frequency, 
and neglecting the internal losses of the winding, we may cal- 
culate the maximum voltages which would be produced by a 
sustained wave train of any frequency. As with the winding 
with uniformly distributed capacity, we will call maximum stand- 
ing wave voltage and current in the line E, and J, and voltage 
and current at the entrance of the winding E and L. As in 
equations (2) and (3) 


E 


Е, sina (22) 
and 


I 


I, cosa (23) 


“а” being the fraction of a wave length in the line from the en- 
trance of the winding to what would be a nodal point corres- 
ponding to a short circuited line. In the winding the voltage 
E must force the current J through the impedance 


wy + TS so that 
L 


Substituting (22) and (23) this gives 


Praed od (vL Жы oe ) (26) 


1 — w? C» Le 


whence 


tana = ES (2L T =) (26) 
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Having found a, the voltages across L, and L, are 


Е, = 1, cos а wL, (max. value) (27) 
and | 
Е,, = I, cos a wb 2 (max. value) (28) 
"t 1 — w? Lo C» 
Or, in terms of the maximum voltage in Line ы е, 


the line, 


E, = wy 
E 2 


cos a (29) 


and 


Ei КЕ we 
Um S Z =, 6) cosa (30) 


The gradient of maximum instan- 
taneous voltage within the winding, 
and the standing wave voltage in the 
line, in accordance with equations (26), 
(29) and (30), are shown in Fig. 7 for 
the values 


Z, = 490 ohms 
L, = L = 0.1 henry 


and for various values of frequency 
selected with view to illustrating its 
effect upon internal voltages. Ly, Le 
and С. are assumed to be constant 
independent values (not affected by 
frequency). A feature of incidental 
interest appears in the location of the 
voltage node (current antinode) in the 
line with respect to the entrance to the 
winding. | | 
We find the voltage antinode exact- 


Fic. 7 

Voltages іп winding with 
capacity localized as shown, as 
related to the standi g waves іп 
the line, for different frequen- 
cies. Calculated from equations 
(29) and (80), with Zi = 490 
ohms, Li = L+ = 0.1 henry and 
С: = 0.0005 mf. 


ly at the entrance to the winding at the frequency at which L, 
апа С» are in resonance with each other. This, for the value 


of inductance and capacity used, is 


1 
2T VL; С» 


f= 


= 22,500 cycles. 
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Below this frequency this parallel combination acts like an in- 
ductance, of value increasing as the frequency increases and 
reaching infinity 
wL wL 
: = 2 = >x (31) 


1 = wW’: C: 0 


at this resonant frequency. Above this frequency it acts like 
a capacity, of value increasing from zero at resonant frequency 
to the limiting value Сз at very high frequencies. 


1 
Below the frequenc = ———— the total arrangement 
f 2T vL. С. š i 
Lı, Ls and С; acts as an inductance, the inductive impedance 
wL: : Р Š А 
ГС. being in series with w Lı. The voltage Е, and E., 


are in phase with each other, the value of the former diminishing 
to zero at this frequency, where the infinite impedance 


wL: 


1 w L. G; acts hke open circuit. Between this frequency 


3z Dic at which the 
voltage node appears at the terminals, the total arrangement acts 
like a condenser, with value increasing from zero at the lower 
frequency to infinity at the higher frequency. The voltages 
E,, and E,, are in phase opposition, the voltage at the winding 
terminals being equal to their difference. The voltage E, 
grows from zero value at the lower frequency to a value limited 
by the maximum value of current in the line at the higher fre- 
quency. The voltage E,,, which is the capacity or leading 
voltage, 15 greater than the voltage E, by the amount of the 
voltage in the line at the winding terminals. Above the frequency 


1 L, + Ls 
34-74% dI. 


phase opposition, but the voltage E,, islarger than E,, by the 
amount of the voltage at the winding terminals, and the total 
arrangement is acting like an inductance, increasing from zero to 
the limiting value Li. At very high frequencies the voltage Еш 
becomes very small, the voltage E,, being practically equal to 
the voltage in the line. 


and the resonant frequency f — 


the voltages Е,, are Ез and stil in 
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The variations in these internal voltages with the frequency, 
and that of the voltage across the total combination, are shown 
in the curves of Fig. 8. 

We have discussed in detail the behavior of the arrangement 
Lı, Ls and Сз. If the same winding (Fig. 5) were grounded at 
one end, or at some other point not the middle, or 1f a winding of 
more than four groups (six for instance) were grounded at the 
middle, assuming a simplification of the distribution of capacity 
such as shown in Fig. 5, there would still be a more complicated 
arrangement than the one we have considered. As already stated 
however, the same general principles would be involved in the 
behavior of any such arrangement. Detailed discussion is not 


| 


о 60 
КіІосус! es 


Voltage (Е, as unit) 


Fic. 8 
Effect of frequency upon voltages in winding with capacity localized as shown 
in Figure 7, in terms of the maximum standing wave voltage in the line. 
Plotted from equations (89) and (80), with Zi = 490 ohms, Li = L+ = 0.1 
henry, and C. = 0.0005 mf. 


given therefore, to any other such arrangement, but, by way of 
further illustration of what may occur, we give in Fig. 9 a set of 
diagrams similar to those of Fig. 7, showing the relation of inter- 
nal voltages to the line voltage at various selected frequencies, 
with three groups of coils (three units of inductance, with inter- 
vening capacities) between the line and a grounded or neutral 
point. The equations for this case, to which these diagrams 
correspond, are, 


1 “(Га + Ls) — z Li Ls Cs | 
t = li ! ИАТА 
ae z| ult | — z (L2C2+L3Cat+ LCa) +utLel 3CoC3 


(32) 
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oe са (33) 
1 1 
Ea В 2 cos a 
m Cz (ah, Co La In OO ЕС, С, 

(34) 


Fic. 9 
Voltages in winding with capacity localized as shown, as related to standing 
waves in the line. for different frequencies. Calculated from equations (87), 
(38) and (89), with 21 = 490 ohms, Li = Ls = Ls = 0.1 henry and С: = 
C3 = 0.0005 mf. 


and 


E, 1 wL 3 


Е 21-а (L, C + L С: + La Ca) + w' LIL C, CG, 5954 


(35) 


With all inductance units equal and all capacity units equal we 
drop the subscripts and write: 
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5 _ 1 Зої — 4w? І? C + № L3 С? (36) 
aec Z р а оа ш G: | 


= = 2 w L соза (37) 

Ei, m 1 wL == 405 L? C cos d (38) 

Е А1 - Зи? LC + ч“ І? С? | 
and 

E, _ 1 wL 

E Z, 1 - 37 ГС + иш [2 C 5954 (39) 


Several cases of resonance, at different frequencies, are found 
in these diagrams. It will be noticed that high voltages occur 
across some of the inductance units, at different frequencies, 
but not always across all at the same frequency. The variations 
in the internal voltages of this combination with the frequency 
are shown in Fig. 10. 

As with the winding of distributed capacity, the damping due 
to the internal losses prevents the building up of the excessive 
voltages found above. These voltages can be built up only by 
the admission of small amounts of energy by the inductance L, 
from the successive wave fronts of a high-frequency train. The 
dielectric losses in the winding increase as the voltage builds up, 
until the energy absorbed is equal to the energy admitted. These 
losses are even higher іп windings of this type than in those with 
distributed inductance and capacity, and probably restrict the 
voltages to a small fraction of those found above. 

It has already been mentioned that in any case а certain 
amount of capacity will be found distributed with the inductances 
Гл, La, etc. It is obvious, therefore, that at frequencies suf- 
ficiently high, these parts of this winding may behave in a man- 
ner somewhat similar to the winding with distributed inductance 
and capacity. That is, standing waves may be set up within the 
individual coils or groups of the winding. Frequencies giving 
these results are produced by discharges at or near the terminals 
of the transformer, and such discharges produce the most danger- 
ous condition with respect to the insulation between turns. On 
the other hand, the most dangerous condition with respect to the 
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insulation between the winding and ground (low-voltage winding 
and core) is produced by the frequencies producing resonance 
between groups. The frequencies producing dangerous volt- 
ages between turns are much higher than these. 

Effects of Normal Frequency Currents and Voltages. No con- 
sideration has been given in the foregoing discussions to the 
effects of the normal voltages and currents existing in the wind- 
ings of the transformer before the arrival of the steep wave front 
and the high frequency wave train. A statement of the principle 
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Fic. 10 
Effect of frequency upon voltages in winding with capacity localized as shown 
in Figure 9, in terms of maximum standing wave voltage іп the line. Plotted 
from equations (87), (88) апа (89), with Z, = 490 ohms, L1 = Із = Ls = 
0.1 henry and С, = Cs = 0.005 mf. 


facts involved will be sufficient answer for the questions arising 
in this direction. 

It is evident that the distribution of voltage in a circuit or 
winding can not be disturbed or altered by the flowing of currents 
of equal value throughout the entire circuit, or by any changes in 
current which occur uniformly throughout the entire circuit, so 
that at any given instant the same value of current flows at 
every point in the circuit. Even the normal variations of voltage 
within a transformer winding having capacity are accompanied 
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by the flow of charging currents which traverse only portions of 
the winding to supply the charges corresponding to the voltage 
changes of the capacity which is located within the winding. 
These currents are normal frequency currents, controlled by the 
normal flux variations which bind the charges supplied. These 
currents are ordinarily very small as compared with the normal 
frequency load or exciting currents which flow with equal value 
throughout the winding and upon which they are superposed. 

Now the current of a traveling wave entering the winding is 
only that required to change the potential of the winding to 
correspond with the voltage of the wave. The magnitude of this 
current will not be affected by currents already flowing with 
equal value throughout the winding. Moreover, the normal fre- 
quency charging current of the winding is negligibly small as 
compared with that of the traveling wave and need not be con- 
sidered. Тһе wave current is merely superposed upon the pre- 
viously existing current. 

The wave current is still small as compared with the normal 
load current of the transformer, so that if a transformer is loaded, 
the entrance of the first wave of an oscillation has small effect 
upon the actual resultant current. High frequency currents of 
considerable value might, as we have seen, be built up within 
the winding by sustained wave trains or oscillations at resonat- 
ing frequencies, except for the heavy internal damping due to 
dielectric loss at these high frequencies and with the high ac- 
companying voltages. Due to this damping, these currents 
are still relatively small. In any event they may still be looked 
upon as merely superposed upon the current with equal value 
throughout the winding, produced by the voltage impressed 
from normal source, although this latter current may become 
changed from its initial value. It does, in fact, change in normal 
operation, since it is an alternating current, but it may also be 
changed by the conditions producing the oscillation, as by short 
circuit, forinstance. Thus, in the case of short circuit beginning 
with an oscillation, we have the oscillatory current superposed 
upon the current from the generator which has uniform value 
throughout the transformer winding at any instant, but which 
changes cyclically in time with the normal frequency of the gen- 
erator, and more or less gradually from the initial to the final 
value. 

Questions as to the effects of the initial or normally changing 
voltages or voltage distributions of the windings upon the 
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voltages set up by waves and oscillations have already been 
answered implicitly in the above discussion of the effects of 
currents, on account of the perfectly definite relation between 
voltages and currents in any circuit with respect either to 
steady or gradually changing conditions or to oscillations. 
The statement may be made general, therefore, with respect 
to both voltage and current, that the initial current and volt- 
aye of the transformer will have no effects upon the results of 
a steep wave front or high-frequency wave train except in so 
far as they mav fix the conditions which set up the oscillation, 
and so determine its character, and in so far as the actual con- 
ditions of current and voltage set up are due to the superposi- 
tion of the oscillatory or traveling wave currents and voltages 
upon a value of current and a voltage gradient which is uniform 
throughout the winding and which is arrived at by a process 
of gradual change from the initial value. 

Effect of the Core and tts State of Magnetization. It is neces- 
sary to consider the effect of the transformer core and its state 
of magnetization upon the behavior of the windings when sub- 
jected to a high-frequency disturbance. The statement of 
some fundamental facts will help to clear up these questions also. 

The variation of the flux in the core in response to the volt- 
age applied at normal operating frequencies, and the relation 
. of the magnetic density to the exciting current, are well under- 
stood. It is also known that the core responds in the same 
general manner at high frequencies, the chief differences be- 
tween the behavior at high frequency and at low frequency 
being the apparent reduction in permeability due to the re- 
striction of flux from the center of the sheets by skin effect, 
and the increased eddy current and hysteresis losses for a 
given flux variation. None of these considerations are im- 
portant, however, since the flux variations corresponding to 
any high-frequency voltage which may be impressed will al- 
ways be small. 

The behavior of the windings with respect to the core at 
high frequency will differ from that at operating frequencies 
in that a small part of one of the windings may act as primary 
with respect not only to the other winding but also with respect 
to the remaining part of the same winding. Moreover the 
portion of the winding acting as primary is variable from in- 
stant to instant. Thus if we consider a traveling wave enter- 
ing the winding with distributed capacity, the first turns act 
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as primary with respect to all the other turns, whereas a little 
later the number of turns acting as primary turns will have 
increased. As the entering wave traverses the first part of the 
winding, the distributed capacity permits the setting up of 
reverse currents in the remaining part of the winding, as well 
as in the opposite winding, which correspond to a condition 
of short circuited secondary, even though the other windings 
were open circuited. The result is that the flux set up by 
the wave is practically all leakage flux occupying only a small 
portion of the core. If the wave be a long one, the secondary 
currents soon cease, with the charging of the available capacity, 
and the condition is changed from one of short circuit to one 
of open circuit. The flux due to the traveling wave thus comes 
to occupy the complete magnetic circuit of the core, resulting 
in a large increase in the inductance per unit length of winding. 
If the other winding be connected to a closed circuit, these 
conditions will be affected only in so far as current can be drawn 
from the other circuit. This requires voltage, and involves 
the transformation of the wave from one winding to the other. 

If we consider the case of standing waves set up within the 
winding, the amplitude of all of the waves being the same, 
we will in general find a fractional excess of positive or nega- 
tive half waves of current within the winding. 

This gives an excess of positive or negative ampere turns 
which  magnetizes the core, and so generates a voltage 
throughout the entire winding which is counter to the 
voltage in the line at the transformer terminals. The internal 
standing wave voltages are superposed upon this voltage. 
Within certain ranges of frequency or lengths of winding, 1.e., 


of the ratio ~, 
À 

Ing is restricted and consequently the internal standing wave 
voltages restricted, by the condition that the distributed 
voltage can not exceed the standing wave voltage found 
in the line at the terminals of the transformer. For the fre- 
quency giving the maximum internal voltages, however, t.e., 
with a voltage node and current antinode at the entrance, 
there is no such restriction, since there are equal numbers of 
positive and negative half waves of current within the winding. 
Similar restrictions will be found with the winding in which 
capacity and inductance are separated into alternate more or 


the standing wave current entering the wind- 


1915] WEED: TRANSFORMER CONNECTIONS 1649 


less concentrated amounts, but will not appear at resonant 
frequencies, since equal amounts of positive and negative cur- 
rent will be found within the inductances of the winding. 

The high frequency flux set up within the core by an excess 
of positive or negative ampere turns generates voltages not 
only in the winding upon which the high frequency disturbance 
is impressed but also in the other winding. Charging current 
set up by this voltage in the second winding is in phase with 
the excitation, and tends to increase the voltage. Excess volt- 
ages may be thus built up in this winding at its resonant fre- 
quency. 

While the transformer core no doubt has an important influence 
on the behavior of the windings at high frequency, this in- 
fluence is not affected by its initial state of magnetization except 
in so far as its permeability is affected. The voltages generated 
by flux in the core are distributed throughout the windings, 
and depend in a regular manner upon the unbalanced ampere 
turns and the high-frequency permeability of the core, in its 
existing state of saturation. 


CONCLUSION 


The above analysis of the behavior of transformer windings 
is by no means complete, but such an examination of the funda- 
mental facts and principles involved gives us a clearer insight 
into the nature of the excessive internal voltages which, as shown 
by experience, are produced in practise. This will enable us to 
guard against these voltages in a more scientific and economical 
manner. It is expected that this will constitute the subject of 
a subsequent papcr. 


APPENDIX 


The behavior of the combination of inductance and capacity 
represented in Fig. 6, at the end of a transmission line, when a 
wave with steep front and of considerable length strikes it, is 
investigated as follows: 

The reflection in the line is at the first instant complete, as at 
the open end of a line, giving double voltage and zero current. 
If the voltage of the original wave is E, and the current 11, the 
reflected voltage and current at the first instant are (Ej), = Ei 
and (Zi), = — I, At a subsequent instant the numerical value 
of the reflected current is reduced by the current flowing through 
the inductance L,, and the voltage impressed on the transformer 
is correspondingly reduced. 
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The voltage at the terminals of the transformer to any instant is 
E= E, + E, (1) 


This voltage appears across the inductance L, and the parallel 
arrangement Le Со, so that we also have 


dl, 
dt | 


dl,, 


Е = L. 


where Л. and Г,, are the respective currents flowing in induct- 
ances L, and Le. | 


Im the line we have 
Е, = 1, 21 (8) 


апа 
Е!’ = — Г 21 : (4) 


and the current in the inductance L, is 


I, = 1, + Т, (5) 
so that 
= Г; = I, — 1, 
This value in (4) gives 
Ey’ = (1, — Ju) 2 . (6) 
whence | 
Ey = Е, -1,2 | (7) 


Substituting this value in (1) gives 
Е = 2Е, — L. 2, (8) 


and this with cquation (2) gives 


dI.. 
dt 


dl, 


2E, = Li dt 


+ Ls 


+ "m Zi (9) 


Now, considering voltage in the parallel elements С. and Lo, 


we have 
Іс, dt _ dl,, 
j REG S x. (10) 
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whence 


1, = Co Le d (11) 
We also have 
Je; + [is = Tis (12) 
whence 
d? I,, 
In = 1, + Co Le dn (13) 
Substituting (13) 1n (9), and transforming. 
d* Г. Zi d? І, + L, + Ls d Г. 21 I 
ав L, dË Li Le С. dt L, L Gs `" 
_ 2Е, 
i Li L; С» (14) 
and substituting 
_ 2E, 
Paty Z (15) 
we get 
d*I Z, dl L + Г» dl 21 _ 
am "pue " ng U ш e. 5% 
The solution of this equation 1s 
I = Ае + Aæ + А зех (17) 
X1, Хз and хз being the root s cf tle auiary equation. 
Z\ 2 L, + Le Z, = 
PEN E Sp n um 


Itis known that all of these roots are negative, since all of the 
co-efficients of equation (18) are positive. We may, however, 
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substitute positive numerical values with the negative sign 
prefixed. Instead of equation (17), then, we may write 


L = А е-и + A г6-а: + A зе-ау (19) 


in which a, a» and аз will be positive. 

For the ranges of values of the constants appearing in the 
coefficients of equation (18), it will contain a pair of complex 
imaginary roots. Inthiscase, instead of aj, а and as, we may 
write a, (b — jc) and (b + jc), and for purposes of calculation, it 
will be convenient to write equation (19) in trigonometric form. 
Thus, instead of 


I = Aye" + Ave 6-9! + Age 6 +0: (20) 
we have 
I = Ав“ + ей (B cos ct + C sin ct) (21) 


This equation represents a condition of damped oscillation 
superposed upon a condition of decay. 

It is not easy to obtain the roots of equation (18) in terms of the 
constants involved in the equation, but the numerical values of 
the constants may be substituted for any particular case, and the 
solution obtained for the particular case. It is necessary, also, 
to determine the constants 41, 4s and Азог А, Band С. Having 
determined the constants 41, А. and Аз; A, B and C may be 
determined independently, or from the relations 


A = А, 
В = (As + A3) (22) 
and C = j (А; — Аз) | 


For determining these constants, since Л. and Гс, are zero at 
the first instant, equations (15) and (11) give 


_ 2E, 
1 = 7, 
dI 
Fort = 0 ae 0 (23) 
2 
and ca = 0 


dt 
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Substituting these valucs in (19) and its derivatives, we obtain 


2 E 
Apa Ag doa er (24) 
1 Е 
A, +a. А» + аз Аз = 0 (25) 
апа 
а? А, + a А. + a3 Аз = 0 (26) 
whence 
TN а» аз 2 Е, 
dg (as — ai) (а, — as) Zi eu 
_ ауаз 2 Е, 
ae = (a1 - as) (as — аз) 4i 9 
апа 
2. а а» 2 E, 
um (аз — аз) (aa - а) Zi (29) 
Substituting these values in equation (19) we have 
= 2а G° 1з е ail PENNE CU. жен — dsl 
n ai fever = — а) (аі — аз) Í (a, — аз) (as — аз) : 
a, Qe - | 
+ (а, — аз) (аз — a1) ° (30) 


Now we wish to determine the voltages across the inductance 
L, and Ls. These are 


dl,, dl, 
B mud di and ЕЁ, = Г, d; (31) 
For the latter, we obtain from equation (15) 
dl, _ dI (32) 


1654 WEED: TRANSFORMER CONNECTIONS [Sept. 17 


whence, substituting the value of J from (30), we have 


а Ge аз 


E = — 2Е, 2 ІСТЕЛСЕ” а) (a; = 23) е“! 
Ы (a, — аз) (аз — аз) ç + (аз — аз) (as — ai) е (33) 


We now obtain L, ou from equation (13). 


Thus 


dl, , d od 
Ly SB = L, =, (А, + Cus 20) (34) 


Substituting the quantities in the parenthesis from equations 
(15) and (30), performing the required differentiations and sim- 
phfying, we have 


- (1 + C» L» a") Gi Go аз 
| A z[ (аз — аһ) (а: — аз) 


е” ail 


(1 + Co Le аз?) а, as аз 


е 4: 
(а: — аз) (аз — аз) 


+ 


+ 0 + Сә Le аз?) a; a° йз -ay | (35) 


(as — аз) (аз — а!) 


When the values of the constants in equation (18) are such as 
to give two complex imaginary roots, equations (33) and (35) 
are both transformed to the trigonometric form. The proper 
constants may be obtained directly from those of equations (33) 
and (35) by the relations given іп (22). Тһе roots a; апаз. 
now being of the form b — jc,and b + je, this gives 

b. 
sin 2] 


(36) 


= L, a(b + O) -al p- Ы = 
En = NR eru Е е (coset 
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and 


E op Ta e° ы) 


1 


- ен [( 1+ С. Ls (2ab — b° — e) cos ct 


Я] (37) 
It has been found by Mr. J. E. Clem, who calculated the curves 
for this paper, that within the range where we apply the above 
equations the following simplifications are possible: 
We have assumed L, and Г, equal, and have therefore but one 
value of inductance as well as one of capacity. Dropping the 
subscripts, we have for equation (18) 


21 га 
-3 = 
“тт LC 0 


гро 


T Zi s 
Within the range of values used, — 1s very small as com- 


' 4L? 


2 | 
ILC The above equation may therefore, with suf- 


ficient accuracy, be written 


pared with — 


2 


5 Z 
“ы мады. + 28 )х+ Gh = 0 


This equation 15 factored, giving 


Й a. Ze AT 
(x + 52 Cale de un = 


The first factor gives 
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and the second 


NEED 0 Z 2 
TIS E V 1612 CL 
But а may Бе neglected whence 

Талды ee 


22 Vf 2. 
m Z ai Vor 


The oscillatory case applies, with 


2A 4. Z: -VÈ 
a = z? = A капас = V. 


Substituting these values in equations (36) and (37), and remem- 
bering that a? and b? are small, as compared with c?, it is found 


that these equations are represented with sufficient accuracy by 
the following: 


Written in the general form, these equations are 


Е,, = Е, | eat — e b (cos сі - 9 sin ct ) (36b) 
and 


Е, = Е, е at 4 e- " Í cos cl — sin ct )| (37b) 


To be presented at the Panama-Pacific Convention of 
the American Institute of Electrical Engineers, 
San Francisco, Cal., September 17, 1915. 
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HARMONICS IN TRANSFORMER' MAGNETIZING 
CURRENTS 


BY J. F. PETERS 


ABSTRACT OF PAPER 


The purpose of this paper is to show in a concise manner the 
cause and effects of higher harmonic currents in magnetizing 
currents of transformers. 

A hypothetical case is analyzed to show the cause of the 
harmonics; then the schemes of connecting transformers that 
are commonly used for polyphase transformation are taken up, 
and the effects of the harmonics on each case pointed out. 

The author also shows the reason why third harmonic volt- 
ages are not developed in the three-phase “ core type ' trans- 
former when connected star-star. 


T IS well known that the higher harmonics in the mag- 
netizing currents of transformers under certain conditions 
of operation produce badly distorted voltage waves. In general, 
the methods used to show the causes of these higher harmonics 
and the distortions which they produce have been rendered ob- 
scure by rather complex mathematics. The object of this 
paper is to present the problem in a more simple form with- 
out any complex mathematics so that the general principles 
involved may be understood with a minimum of effort on the 
part of the reader. Those points that require a special study 
are more thoroughly discussed in an appendix. 

The permeability of sheet steel used in the construction of 
electrical apparatus changes as the magnetic flux density in- 
creases so that the rate of variation of the latter is less than 
that of the magnetizing current producing it. The induced 
voltage in the secondary and also the counter electromotive 
force in the primary of a transformer are proportional to the 
rate of change of the magnetic flux enclosing these windings. 
The rate of change of а sine function 1$ a sine function 90 de- 
grees later in time phase. Therefore, to produce a voltage 
having a sine wave, the rate of change in the magnetic flux 
also must be a sine wave. 

On account of the change in permeability of the iron at 
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different flux densities, the magnetizing current producing a 
sine wave of magnetic flux cannot itself be a sine wave. It 
has been found by analysis that the magnetizing current of a 
transformer producing a sine wave of voltage has a consider- 
able third harmonic component. It also contains the higher 
odd harmonics (5th, 7th, 9th, etc.), but to a much less degree. 

That the magnetizing current must contain a comparatively 
large third-harmonic component is shown by the following: 
A comparatively small current is required for the first part of 
the magnetic flux cycle, the density being low, while as the 
maximum flux density is approached a much larger current in 
proportion is required. Therefore, the current wave necessary 
to produce a sine wave of flux will be peaked. There will be 


Fic. 1 


only one peak per half cycle corresponding to the maximum 
flux density, and this peak must be made up largely of a har- 
monic that has but one maximum value, in the proper direc- 
tion, per half cycle of the fundamental. The third harmonic 
has one and one-half cycles per half cycle of the fundamental 
and it is so located that its one maxunum occurs a little later 
than the fundamental maximum. The other two maxima 
of the third suppress the fundamental in the first and last part 
of the half cvcle. If some harmonic higher than the third had 
a considerable magnitude, the result would be that two maxima 
per half cycle would be produced in the magnetizing current. 
This could not produce a sine wave of voltage. 

In Fig. 1, a represents the magnetizing current of a trans- 
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former. It is the resultant of a component at fundamental 
frequency b, a third harmonic component c, and a fifth har- 
monic component d. The magnitude of c is 40 per cent of the 
fundamental, and d is 10 per cent of the fundamental. The 
harmonics higher than the fifth were neglected for simplicity. 
The magnetizing current of a transformer does not contain 
any even harmonics. This is obvious from the fact that the 
plus and minus half waves of a complete cycle of magnetizing 
current are the same. That is, it takes the same value of cur- 
rent to magnetize the core in one direction as it does in the 
other. Therefore, all the harmonics as well as the fundamental 
must at the beginning of the second half cycle be of the same 
value but in the direction opposite to that at the beginning of 
the first half. Only odd harmonics will satisfy this condition. 
While the fundamental passes through $ cycle, the third 
harmonic passes through 1% cycles and the fifth harmonic 


Fic. 2 


through 2} cycles, etc. АП odd harmonics end with an odd 
number of š cycles and are therefore in the same relative posi- 
tion, but in the direction opposite to that at the beginning of 
the first half cycle. If the magnetizing current does not con- 
tain all of the harmonics necessary to produce a sine wave of 
voltage, then the voltage will contain those harmonics which 
the magnetizing current lacks, and possibly more. For ex- 
ample, when the magnetizing current does not contain the 
necessary third-harmonic component, the induced voltage con- 
tains a third-harmonic component. 

A convenient means of showing the effect of changes in the 
shape of a magnetizing current wave is to plot the hysteresis 
loop and from this and the modified wave of magnetizing cur- 
rent construct the magnetic flux wave. The hysteresis loop 
corresponding to the magnetizing current wave shown in Fig. 1 
(a), is plotted in Fig. 2. The abscissas OA, OB, OC, etc., in 
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the hysteresis loop equal the corresponding ordinates О”А”, 
O'B', O'C', in the magnetizing current wave. The wave shown 
in dotted line is the resultant magnetic flux wave. The method 
of construction is obvious from a brief scrutiny of this figure. 

By following the same methods in Fig. 3, it is shown that 
when the magnetizing current is a sine wave, the magnetic 
flux is not a sine wave but is of the shape indicated by the 
dotted line. The magnetic flux wave for this figure was con- 
structed from a sine wave magnetizing current and the hy- 
steresis loop. | 

The analysis of this flux wave (See Appendix) gives а funda- 
mental component of 17.62 sin (0 — 0.8 deg.), a third harmonic 
component of 3.9 sin (30 - 5 deg.) and a fifth harmonic com- 
ponent of 2.2 sin (50 — 24.3 deg.) where @ is the time angle 
in degrees and 0.8 deg., 5 deg. and 24.3 deg., are the angles at 
which the fundamental, third and fifth respectively lag behind 


Fic. 3 


the composite wave. This composite wave also contains odd 
harmonics higher than the fifth, but they are not taken into 
consideration here as previously stated. 

The voltage produced by the magnetic flux shown in Fig. 3 
is proportional to the rate of change, that is, the differential 
of the composite magnetic flux wave. The differential of this 
wave gives for the fundamental 17.62 cos (0 — 0.8 deg.), for the 
third harmonic component 11.7 cos (30 — 5 deg.), and for the 
fifth harmonic 11 cos (50 — 24.3 deg.). It will be noted that 
the third-harmonic component of voltage for the above case 
with a sine wave of exciting current is 65 per cent as great as 
the fundamental and that the fifth-harmonic component of 
voltage is 62.5 per cent as great as the fundamental. 

In practically all schemes of connecting transformers for 
transmission purposes, the proper composite exciting current 
is supplied in which case large higher harmonic voltages are not 
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developed in the windings. In a comparatively few cases, 
however, it is not possible to draw the proper magnetizing cur- 
rent and consequently in these cases the higher harmonic volt- 
ages do exist. Ап effort will be made in the following to show 
how the magnetizing currents are supplied for the different 
schemes of connections and types of transformers and where 
harmonic voltages will appear. 

The most frequent scheme of connecting transformers is three 
single-phase units connected into a three-phase bank is delta 
on the low-voltage side and in star on the high-voltage side. 
Assume that a bank so connected is used to step-down the 
voltage, and that the magnetizing currents for each of the three 


Fic. 4 


units are as indicated by Fig. 1 (а). The magnetizing currents 
then for each phase contain, in addition to the fundamental, 
a third and a fifth-harmonic component. Since the trans- 
formers are connected in three-phase relationship their voltages 
are 120 degrees apart and, therefore, their magnetizing currents 
are 120 degrees apart. The magnetizing currents for the three 
units are shown in their proper phase position in Fig. 4(а). 
The three leads feeding the bank carry the current both to 
and from the transformers and, therefore, the resultant of the 
current in the leads must at all times be zero. But the result- 
ant of the magnetizing currents for all three units in this case 
is, as shown іп the appendix to this paper, 1.2 sin (30 — Bs), 
where Вз is the angle at which the third harmonic component 
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lags behind the composite wave. This resultant is not zero; 
therefore it will be seen that not all of the magnetizing current 
for this connection can be’ supplied through the three leads. 
The resultant current is shown dotted in Fig. 4 (a) which is 
obtained by combining the three waves. 

It will be noted that this resultant current is at triple the 
fundamental frequency and that its magnitude is three times 
as great as the third harmonic component of magnetizing cur- 
rent for each phase. If the other higher harmonics of the 
magnetizing current had been taken into account (7th, 9th, 
llth, etc.) in the above analysis it would be found that they 
all would be drawn from the line except the third and odd 
multiples of the third (9th, 15th, etc.). Therefore, the neces- 
sary third-harmonic component and its multiples to produce a 
sine wave of voltage must be supplied in some other manner 
for this scheme of connections, since they cannot bedrawn 
from the line. 


In Fig. 4 (b) at 1, 2, and 3 are plotted the third harmonic 
components of the magnctizing currents for the three phases 
in their proper phase position with respect to the composite 
waves shown in the same figure at (а). It will be seen that 
these third-harmonic currents arc all in the same direction at 
corresponding points. In Fig. 5, which 1s the star-delta scheme 
of connection, the arrows indicate the instantaneous directions 
in which the third harmonic currents should flow in the primary 
or star side. Since the third harmonic currents of all three 
phases are 1n phase with each other they have no return path 
іп а star-connected circuit, therefore they cannot flow. Con- 
sequently third-harmonic voltages will be generated due to the 
absence of the third-harmonic currents. These voltages are 
all in the same direction since their components of the magnet- 
izing currents are all in the same direction. 

The generated or induced third-harmonic voltages appear 
in both the primary and secondary windings, but the delta- 
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connected secondary forms a closed local circuit for its third- 
harmonic voltage. Consequently, a third-harmonic current 
will circulate around this circuit and, produce a third-harmonic 
magnetic flux which will cut both the primary and secondary 
windings. This flux will generate in both windings a counter 
third-harmonic voltage approximately equal and opposite to 
the one caused by the absence of the third-harmonic current in 
the primary. This results in cancelling all of the third-har- 
monic voltages, except that due to the reactance of the trans- 
former which is generally so small that it 1$ of no consequence. 

It is evident from the foregoing that the third-harmonic com- 
ponent of the magnetizing current for a bank of transformers 
connected star-delta is supplied by a circulating current in the 
closed delta. If the units forming the bank require different 
values of third-harmonic currents, then, since the circulating 
current is the same in all three phases, one or two phases will 
be over supplied with this component of current while the other 


Fic. 6 


phases will be under supplied. This will result in inducing a 
third-harmonic voltage of small value in all three phases. 

It would be found by a similar analysis that the 9th and 
15th harmonic currents and all odd multiples of the third arc 
supplied by a circulating current in the secondary, while all 
other odd harmonic currents are drawn from the line. The 
magnitude of this circulating current is such that when it is 
multiplied by the secondary turns the product is equal to that 
of the required harmonic current in the primary multiplied by 
the primary turns. That is, the magnetomotive force is the 
same whether supplied by the primary or by the secondary, 
therefore the star delta connection relieves the primary of a 
part of the magnetizing current and adds it to the secondary. 

If this bank be fed by another bank of transformers con- 
nected in star on the secondary side with its neutral grounded, 
then grounding the neutral of the step-down transformer bank, 
as shown in Fig. 6, produces closed circuits in the star-con- 
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nected side through which the third harmonic component of 
the magnetizing current can flow. These circuits for each 
phase consist of one line, the windings in each bank connected 
to this line, and the earth. The third-harmonic current car- 
ried by the ground connection is the sum of the third-harmonic 
currents in the three star-connected phases. With this con- 
nection a part of the third-harmonic component of the mag- 
netizing current will circulate around the closed circuit in the 
delta connected secondary and a part will be drawn from the 
line using the earth as a return. The division of current be- 
tween these two circuits depends upon their relative imped- 
ances. The difference in the magnitude of the third-harmonic 
currents required for the different phases of the bank, so con- 
nected, will be supplied through the grounded neutral. If the 
neutral of the secondary of the step-up transformer bank is not 
grounded then grounding the neutral of the step-down bank 


will have no effect on the distribution of the third-harmonic 
component of the magnetizing current. 

If a star-delta bank of transformers is fed directly by a star- 
connected generator and the neutral of generator and bank of 
transformers are connected together as shown by Fig. 7, then 
if the generator contains a third-harmonic voltage, this voltage 
will cause an additional third-harmonic current to circulate 
in the transformer and generator windings. The magnetizing 
current for this scheme of connections will be supplied in the 
same manner as when the source of supply is a bank of trans- 
formers with their secondaries connected in star, with its neutral 
grounded, as well as the neutral of the step-down bank, but 
the third-harmonic voltages of the generator are impressed on 
the transformers between line terminals and neutral. 

The third harmonic voltages from the different phases of 
the generator are al] in the same direction since the generator 
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voltages of fundamental frequency are 120 degrees apart and 
therefore, the third-harmonic voltages 3 X 120 or 360 degrees 
apart. These voltages are impressed on the primaries of the 
transformers which in turn induce corresponding voltages in 
the secondaries. The secondanes being connected in delta, 
their windings and connections between phases produce a closed 
local circuit for the induced third-harmonic voltages, conse- 
quently a third-harmonic current will circulate. The magni- 
tude of this circulating third-harmonic current is determined 
by the total third-harmonic voltages of the generator and the 
combined impedance of the transformer bank and generator. 

This current may be of considerable magnitude, for example: 
Assume that the normal output of the bank of transformers is 
small as compared with that of the generator, which is often 
the case when one generator feeds a number of independent 
lines, each having its own transformer bank. Insuch cases the 
generator impedance may be negligible when compared with 
that of one bank of transformers. Assume further that the 
generator has 10 per cent inherent third-harmonic voltage in 
each phase and that each transformer in the bank has 4 per 
cent inherent impedance at fundamental frequency, then at 
triple frequency the total impedance per phase will be approxi- 
mately 3X 4, or 12 per cent; consequently, a third-harmonic 
current of 10/12 = 83 per cent of the normal transformer full 
load current will circulate in the primary and secondary of each 
transformer in the bank. The paths for these circulating 
currents on the generator side are over the line between gen- 
erator and transformer terminals, through the transformer 
primaries, and back to the generator through the neutral con- 
nections. The current carried by the neutral connection will 
be the sum of the three currents in the phases. On the second- 
arv or delta side of the transformer bank, the third-harmonic 
current will circulate around the circuit produced by the trans- 
former windings and the connections between phases. 

If the bank of transformers had been connected delta-delta, 
the magnetizing currents would have been supplied in a similar 
manner, except that a part of the third harmonic current would 
circulate in the primary local circuit and a part in the second- 
ary, dividing up in inverse proportion to the impedance of the 
two windings. If the bank had been connected delta-star, all 
of the third-harmonic magnetizing current would have cir- 
culated in the primary loca] circuit. 
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With the bank connected star-star as shown by Fig. 8, the 
third harmonic component cannot flow, since it cannot be drawn 
from the line and there is no closed local circuit in which it can 
circulate. Consequently, a third-harmonic voltage will appear 
in both primary and secondary windings between the neutral 
points of the bank and the lines. 

Since the third-harmonic component of magnetizing currents 
are in the same direction in all three phases, and the voltage 
produced by a magnetizing current is 90 degrees later in time 
phase, it follows that the third harmonic voltages are in the same 
direction in all three phases. The neutral point of the bank there- 
fore, does not'remain at zero potential but oscillates around 
the zero point at triple frequency. The voltages of the star- 
star connected bank are represented in Fig. 9 by means of the 
crank diagram. The three fundamental voltages are repre- 
sented by the vectors 41, B, and С), which are 120 degrees 
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apart. The neutral of the three-phase vector is located on 
the end of the third-harmonic voltage vector. There is only 
one third-harmonic vector, since the third-harmonic voltages 
of all three phases are in the same direction and, therefore, 
coincide. The voltage waves are constructed in the usual 
manner by rotating the radial vector in the direction indicated 
by the arrow, and projecting points out to corresponding points 
of time on the time angle axis, the third-harmonic vector, of 
course, being rotated three times as fast as the fundamental. 
The wave shown from 1 to 2 is that of the neutral point. From 
2 to 3 are the composite waves of all three phases. 

The voltage between lines, say A to B, Fig. 8 is the voltage 
from O to A, minus the voltage O to B, therefore, the voltage 
between lines A and B is the difference between wave A and 
wave B in Fig. 9. This voltage wave is shown dotted. It 
will be noted that this resultant is a sine wave and that it is 
173 per cent of the fundamental in either phase OA or OB. 
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Therefore it is evident from the above that, although there 
are third-harmonic voltages in the phases of a star connected 
bank, they do not appear in the line. They do however pro- 
duce extra stresses in the insulation of transformers. 

If the primary neutral point of the bank is grounded and the 
secondary neutral of the step-up bank is not grounded, these 
third harmonic stresses will appear between coils and ground. 
Also, since the neutral point is pulsating or rotating around the 
zero point, it is obvious that the whole system is made to pul- 
sate above and below ground an amount equal to the third- 
harmonic voltage in the phases. This may be of a dangerous 
value from the standpoint of charging current and also from 
the standpoint of static disturbances in neighboring communica- 
tion lines. From the standpoint of charging current, let us 
assume that the third harmonic voltage is 50 per cent as great 


Fic. 9 


as the phase voltage of fundamental frequency. Then, since 
it is at triple frequency the charging current due to it will be 
3X50 ог 150 per cent as great as that produced by the same 
voltage at fundamental frequency. 

The third harmonic voltages in a star-star connected bank 
of transformers can be eliminated by providing a small winding 
in each phase and connecting these windings in delta. The 
third harmonic magnetizing current will then circulate in this 
winding in the same manner, and due to the same cause, as it 
does in the secondary of a star-delta connected bank. If the 
neutral point of the star-star connected step-down bank of 
transformers is grounded on the primary side, and the neutral 
of the step-up bank is grounded on the secondary side, as 
shown by Fig. 10, then there is a complete circuit through 
the lines and neutral connections for the third-harmonic com- 


1668 PETERS: TRANSFORMER CONNECTIONS [Sept. 17 


ponent of the magnetizing current and consequently the third- 
harmonic voltages will be eliminated from the transformers. 
This will of course eliminate electrostatic induction but the 
three triple frequency currents in phase in the lines and re- 
turning in the earth may cause electromagnetic disturbances 
in neighboring lines. 

Transformers are sometimes connected in open delta or “ V ” 
for three-phase transformation. This scheme of connection is 
shown in Fig.11 (а). Themannerin which the third harmonic 
components of the magnetizing currents are supplied is very 
similar to that of the delta-connected bank. The phase voltages 
of fundamental frequency are 120 degrees apart, and therefore 
the third-harmonic components of the magnetizing currents are 
3 X 120, ог 360 degrees apart. That is, they flow in the same 
time phase as indicated by the arrows. With this connection, 
unlike the conditions with a closed delta, the third harmonic 


component of the magnetizing current is drawn from the line 
through leads A and C and, therefore, must pass through the 
impedance of the line and generator or source of supply. Con- 
sequently there will not be quite sufficient third-harmonic current 
and a third harmonic voltage will exist in the phases. In most 
cases these third harmonic voltages areof small value and of 
little or no importance. 

Fig. 11 (b) shows a three-phase—two-phase, connection mag- 
netized from the three-phase side, and at 11 (c) is shown a 
three-phase Т-соппесіеі bank. In both of these cases the 
magnetizing current for the transformers are 90 degrees apart 
in time phase, and therefore, the third-harmonic currents are 
3 x 90 or 270 degrees apart. With these connections lead A 
carries the magnetizing current for one phase and B and C the 
magnetizing current for one phase plus one-half of the current 
from the other phase combined at 90 degrees; that 15, М1 + 0.5: = 


1915] PETERS: TRANSFORMER CONNECTIONS 1669 


113 per cent of the current for one phase. In these connections 
like the V, the third harmonic current flows through the im- 
pedance of the line. Therefore, a small third harmonic voltage 

may exist. | 
The foregoing considerations were based on the banks being 
made up of single phase units connected for polyphase transfor- 
mation. If the three phase-banks consisted of three-phase units 
of the socalled “‘ shell form," the conditions with respect to mag- 
netizing currents and higher harmonic voltages would be sub- 
stantially the same as for single-phase units connected in the 
same relation. In the three-phase shell form of construction, 
the magnetic circuits for the three phases are built up as one unit. 
The electrical connections for the 


А _ с М middle phase are reversed as shown 

А «>» іп Figs. 5 (а) and 8 (а), so as to place 
PE V the magnetic flux of this phase 60 

(a) degrees from the fluxes of the phase 

A on either side. The object of this 

E НЙ xl reversal is to decrease the neces- 
“Q Ç F sary area of the magnetic circuit be- 
a—», tween phases. Each phase of the 

(b) unit has a magnetic circuit com- 


pletely surrounding it and conse- 


A 

e er E M quently there are no interchanges of 

) 3 Bd magnetomotive forces from one phase 

ae » to another. But if the three phase 
banks consist of three-phase units of 
the core “type” construction, the 
conditions with respect to magnetizing currents and higher 
harmonic voltages in the star-star-connected bank are con- 
siderably changed. 

With the latter type of construction the magnetic circuit 
for the three phases are mutually connected, in that the 
magnetic flux of any one phase has its return path through 
the other two phases. Now since the magnetic fluxes go and 
return through the same three cores it is evident that the 
resultant of the three fluxes in any one direction must at 
alltimes be zero. But,if there are any third harmonic voltages 
in the phases due to the absence of the third-harmonic magnet- 
izing currents in the star-star-connected unit they are induced 
in the same direction in all three phases and, therefore, their 
third-harmonic magnetic fluxes are all in the same direction. 


Fic. 11 
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This would require that the third-harmonic flux return outside 
of the cores through high reluctance paths. They would conse- 
quently be of very small value. 

It would appear from the above that third-harmonic voltages : 
which are due to the absence of the third-harmonic component 
of magnetizing currents in the star-star-connection are prevented 
in the three phase core form units by the high reluctance return 
paths of the third harmonic magnetic fluxes. But this is not 
strictly true; what really happens is that the deficit in magneto- 
motive force in parts of the cycle in each phase is supplied by the 
other two phases. Fig. 1 
shows three magnetomotive 
force waves 1, 2, and 3, 120 
degrees apart. (а) 1$ the re- 
quired wave of magnetomo- 
tive force to produce a sine 
wave of magnetic flux. (b) is 
the third-harmonic compou- 
nent of the required magneto- 
motive force wave, and (c) 
is the magnetomotive force 
wave that is drawn from the 


Fir. 12 Fic. 13 


line. It is wave (а) minus wave (b). Referring to point m, it 
will be seen that (c) in 1 is lacking sufficient magnetomotive 
force, while 2 and 3 at the same point have a surplus of mag- 
netomotive force. Consider this point on the cycle to be such 
as to have a magnetic flux up through core A in Fig. 13, and 
down through Band C. The extra magnetomotive force tending 
to produce the surplus of flux down through B and C will be 
expended in supplying the deficit up through A, А being 
the return path for B and C. In this way there is an interchange 
of magnetomotive forces between phases, which results in the 
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production of sine wave of magnetic flux and, therefore sine 
wave of voltage in all three phases. 


APPENDIX 


In analyzing the magnetic flux wave of Fig. 3, the first half 
of the cycle was divided into 15 parts and the height of the y 
ordinates for the different parts were measured. These measured 
values together with the time angle and its sine and cosine values 
are given in Table I, II and III. Table I gives the data for the 
fundamental component, Table II for the third harmonic and 
Table III for the fifth harmonic component. The first column 


TABLE I. 
MAGNETIC WAVE ANALYSIS FOR FUNDAMENTAL COMPONENT 


0. 0. 1.0 000 0.00 
12. 8.7 0.208 0.978 1.81 8.51 
24. 11.7 0.407 0.914 4.76 10.70 
36. 13.0 0.588 0.809 7.64 10.51 
48. 13.9 0.743 0.669 10.20 9.30 
60 14.65 0.866 0.500 12.70 7.32 
72 14.9 0.951 0.309 14.18 4.60 
84 15.0 0.995 0.105 14.92 1.57 
96 14.9 0.995 — 0.105 14.82 — 1.56 

108 14.65 0.951 — 0.309 13.92 — 4.54 

120 14.2 0 866 — 0.500 12.30 — 7.10 

132 13.8 0.743 — 0.669 10.26 — 9.25 

144 13 0.588 — 0.809 7.65 — 10.50 
156 12 0.407 — 0.914 4.88 — 10.95 
168 10.6 0.208 — 0.978 2.20 — 10.36 
180 7.5/132.24 — 1.75 +7.5 = —0.234 

17.62 


contains the time angles, the second column the у ordinates 
corresponding to the time angle in column 1. Column 3 con- 
_ tains the sine and column 4 the cosine of the time angles. Col- 
umns 5 and 6 are the products of the sines and cosines respec- 
tively of the time angle and the y ordinates. Columns 5 and 6 
are added and their sums divided by 73. The quotients give 
the respective sine and cosine components of the separate har- 
monics. 

From table I the fundamental wave is made up of 17.62 
sin 0 — 0.234 cos 0- 17.62 sin (0 — 0.8 deg). 

From table II the third harmonic component is made up of 
3.88 sin 30 — 0.343 cos 30 — 3.9 sin (30 — 5 deg.), also from table 
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III, the fifth harmonic is made up of 2 sin 50 — 0.905 cos = 50 
2.2 sin (50 — 24.3 deg.) 
The resultant of the magnetizing currents of three phases 


TABLE II. : 
MAGNETIC FLUX ANALYSIS FOR THIRD HARMONIC COMPONENT 
0 y Sin 38 Cos 30 y sin 36 y cos 40 
0. 0. 000 +1.000 0.00 000 
12. 8.7 +0. 588 + ).809 + 5.10 |+ 7.00 
24. 11.7 +0.951 -+ 0.309 +11.12 |+ 3.61 
36. 13.0 +0.951 —0.309 +12.40 |— 4.02 
48. 13.9 +0.588 -0.809 + 8.19 |-11.25 
60. 14.65 0.000 —1.000 0.00 |-14.65 
72. 14.9 —0. 588 —0.809 - 8.78 |-12.09 
84. ot -0.951 -0.309 -14.30 |- 4.65 
96 14.9 -0.951 4-9.309 —14.20 |+ 4.60 
108 14.65 -0.588 +0.809 — 8.60 |+11.80 
120 14.2 0.000 +1.000 0.00 |+14.20 
132 13.8 +0. 588 +0.809 + 8.10 |+11.10 
144 13.0 +0.951 0.309 +12.38 |+ 4.01 
156 12. +0.951 -0.309 411.40 |— 3.70 
168 10.6 +0.588 —0.809 + 6.23 |- 8.60 
7.5/29.04 |—2.57 +7.5 = —0.343 
180 3.88 
TABLE III. 
MAGNETIC FLUX ANALYSIS FOR FIFTH HARMONIC COMPONENT 
0 y Sin 50 Cos 50 y sin 50 y cos 50 
0 0.00 000 +1.00 0.00 000 
12 8.7 +0.866 +0.50 + 7.52 |+ 4.35 
24 11.7 +0. 866 —0.50 +10.20 |- 5.85 
36 13.0 000 —1.00 000 —13.00 
48 13.9 -0.866 -0.50 —12.05 |- 6.95 
60 14.65 -0.866 +0.50 —12.70 |+ 7.37 
72 14.9 000 +1.00 000 +14.90 
84 15.0 4-0.866 +0.50 +13.00 |+ 7.50 
96 14.9 4-0.866 -0.50 +12.90 |- 7.45 
108 14.65 000 -1.00 000 —14.65 
120 14.2 —0 866 —0.50 —12.30 |- 7.10 
132 13.8 -0.866 +0.50 —11.90 |+ 5.90 
144 13.0 000 +1.00 0000 + 6.50 
156 12.0 +0.866 +0.50 +11.22 |+ 6.00 
168 10.6 +0.866 -0.50 + 9.18 |- 5.30 
7.5/15.07 | —6.78 +7.5 = —0.905 
180 2.0 


120 degrees apart when the current of cach phase is made up of 
| sin (0 — В.) + 0.4 sin (30— B:) + 0.1 sin (50 — ps) is as 


follows: 
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Fundamental Third harmonic Fifth harmonic 
Phase A, 1 sin (0 — В.) + 0.4 sin (30 — Вз) + 0.1 sin (50 — fy). 
Phase B, 1 sin (0 — В, + 120) + 0.4 sin (38 — 83 + 360) + 0.1 sin (56 — В; + 600) 
Phase C, 1 sin (0 — В + 240) + 0.4 sin (38 — Bs + 720) + 0.1 sin (20 — 8, + 1200) 


First adding the fundamental. 

sin (0 — Bi) + sin Í(0 — B) +120; + sin Í(0-— В) + 240} = 

sin (0 В) — ісіп (0 — Bi) + 0.866 cos (06 — Bi) — Ysin (0 — Bi) - 
0.866 cos (0 — В.) = 0 

Adding the third harmonic componcnts. 


0.4 sin (20 — Bs) + 0.4 sin } (30 — Вз) + 360 } + 0.4 sin |030 — Ва) + 720} = 

0.4 sin (39 — 83) + 0.4 sin (30 — 83) + 0.4 sin (30 — 83) = 1.2 sin (30 — Вз) 
Adding the fifth harmonic components. 

0.1 sin (58 - 8s) + 0.1 sin |(50 — Bs) + 600] + ОЛ sin |(50 — 85) + 1200} = 


0.1 sin (50 - В.) - 0.05 sin (50 — В.) - 0.0806 cos (50 — В; — 0.05 sin (50 — B4) + 
0.0866 cos (58 — B5) = О. 


Therefore, the resultant for the three phases equals 1.2 


(30 — Bs). 
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PHENOMENA ACCOMPANYING TRANSMISSION WITH 
SOME TYPES OF STAR TRANSFORMER CONNECTIONS 


BY L. N. ROBINSON 


ABSTRACT OF PAPER 

The purpose of this paper is to demonstrate the phenomena 
attending the operation 521. transformers with grounded 
neutral on the line side. Contrary to current opinions, the 
author believes the abnormal voltages and destructive effects, 
which often accompany star-star operation, are due to even 
harmonics, at least in a large number of cases. At high mag- 
netic densities, the third harmonic voltage may be appreciable, 
but the indications are that the even harmonics will cause 
damage at nominal magnetic densities lower than those which 
require appreciable third harmonic exciting current. 

The data on which the conclusions are based, include ap- 
proximately 150 oscillogram waves and a correspondingly large 
number of meter readings. The data are omitted from the 
text to a large extent, because the details could not add ma- 
terially to the discussion. The tests are simple and can easily 
to made with an oscillograph in any laboratory or substation. 
One precaution must be kept in mind, namely that the obser- 
vations should start at low voltages, which may be increased 
gradually until the various phenomena are observed. Unless 
this is done, the equipment may be wreckcd. 


INTRODUCTION 
ERETOFORE, the third harmonic voltage, required to pro- 
duce the necessary third harmonic exciting current, has gen- 
erally been charged with the destructive effects accompanying the 
operation of star-star transformer banks. Thisisa just accusation 
if it can be shown that the third harmonic voltage is large. 
The star connection is generally used in transmission work so 
that the neutral on the line side may be grounded. If the 
line side neutral is not grounded, there mav be abnormal and 
dangerous leg voltages due to the third harmonic, as has been 
proved in specific cases; though wreckage is less common with 
this type of connection, as shown by European practise. But, 
when the neutral on the generator side of the bank is isolated 
and the line side neutral is grounded, the Y-capacitive suscep- 
tance of the line is in series with the inductive Y-exciting-suscep- 
tance of the transformer legs; the former susceptance is larger 
than the latter in a system involving a long transmission line; 
1675 
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hence, the equivalent reactance of the circuit. for Y-currents is 
inductive and the third harmonic current lays, contrary to some 
recently accepted opinions. From this, it is seen that the im- 
pedance to Y-currents is not as large as might be supposed from 
a casual survey. Therefore, it is believed that the opinion that 
the third harmonic voltages are responsible for the destructive 
effects accompanying star-star operation with grounded neutral 
on the line side only, is based on the coincidence that the path 
for third harmonic current was apparently of high impedance 
in cases where destructive effects resulted from the use of the 
connection. So far as can be ascertained from published data, 
no oscillograms (or similar observations) nor records have been 
made of the forces at play when transformers or line insulators 
have been destroyed by abnormal phenomena due to star-star 
operation. | 

The author has observed even harmonics and badly unbalanced 
leg voltages in several different instances within a period of 
eight months. In all these instances, the paths for Y-currents 
were through the open circuit admittance of the transformer 
units. These observations were made under the following con- 
ditions: 

1. A star-star bank, with generator side neutral isolated and 
line side neutral grounded. The duty was charging a line 37 
miles long. : 

2. Another bank similarly connected, but composed of units 
made by a different manufacturer and of different ratings in 
every respect. The duty of this bank was the same as for that 
in case (1) but on another day. 

3. А bank of 1:1 auto-transformer connected star with 
grounded neutral, at the sending end of the 37 mile line, which 
was charged bv a delta-delta bank. 

4. A bank of transformers stepping down from isolated neutral 
star to “ interconnected " delta. In this instance, the current 
circulating in the ‘‘ interconnected " delta contained prominent 
even harmonies. 

5. A bank of 13,200:110-volt potential transformers connected 
star with grounded neutral to the sending end of the 37 mile 
line, which was supplied from a delta-star bank with isolated 
neutral. The secondaries of the potential transformers were 
open-circuited. 

DATA 

Several phenomena appeared consistently, and they seemed 

to vary with the magnetic density in the transformers. However 
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the variation of impressed voltage and consequently the varta- 
tion of the magnetic density were necessary in order to vary the 
Y-currents, which currents are believed to be directly responsible 
for the excessive leg voltages. 

In some cases, when charging the line from transformers 
connected star-star with grounded neutral on the line side, an 
undertone of one-half fundamental frequency was present in 
the leg voltages, and in the currents on the generator side of 
the bank.’ 

In some other cases, two of the leg voltages were approximately 
V7/3 times the delta voltage, while the magnitude of the volt- 
age of the third leg was approximately normal, 7.e. 58 per cent 
of the delta voltage. The leg voltages had distinctly different 
wave shapes, and their fundamental components were con- 
spicuously not 120 degrees apart in time phase. Тһе currents 
in the buses on the generator side of the bank were several times 
normal. | 

In still other cases, the leg voltages had double frequency 
components, approximately four times as large as the funda- 
mental components, and the transformers vibrated internally. 

In the case of the 1:1 auto-transformers, the delta voltages 
were almost double what they were when no Y-current could 
flow. The delta voltages were of fundamental frequency with 
no double frequency component, while the leg voltages contained 
the large. double-frequency component. 

In all cases in which the second harmonic was prominent in 
the leg voltages, it was in time phase in all three legs. This 
was proved by the oscillograms of the simultaneous values of 
the three waves, bv a measurement of their vector sum, and by 
the fact that the second harmonic was not in the waves of delta 
voltages (voltages between line conductors). 


DISCUSSION 


Case 1. The case in which the second undertone, or “ one- 
half " harmonic was present, is explainable by a periodically 
reversing leg; т.е. one leg of the bank reversed once for each 
fundamental cycle, so that the fundamental current in the leg 
flowed in the same direction through the unit during the entire 
cycle. In the next cycle the leg reversed again, so that the 
fundamental current flowed in the opposite direction from that 
in the previous cycle. 

It is to be noted that the voltage from one line conductor to 
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ground was approximately 58 per cent of the delta voltage, 
while the voltages to ground from the other two conductors 
varied from 58 per cent of delta voltage to 100 У 7/3 = 153 
per cent of the delta voltage; z.e., the voltages from these latter 
conductors to ground varied from normal to 264 per cent of 
normal Y-voltage. On a line with small factor of safety of 
insulation, this 164 per cent abnormal voltage might cause con- 
siderable damage. 

The voltages between conductors (delta voltages) are normal 
if the bank is of star-star transformers with grounded neutral 
on the line side only, because the delta voltages on the station 
side are fixed by the generator, and the neutral on the station 
side of the bank is isolated and free to float. 

Case II. In the case with the stable, unbalanced leg volt- 
age condition, the neutral on the generator side of the bank 
assumed a fixed position with one leg reversed so that the 
voltages from two of the line conductors to ground were approxi- 
mately V7 = 2.64, times the voltage from the third conductor 
to ground. = | 

A peculiar characteristic of this case was that different legs 
reversed at different times. The switching was done on the 
station side of the bank. The line was 37 miles of vertical 
type construction with no transpositions to balance the ad- 
mittances to ground. Charging the line the first time, for 
example, leg No. 1 might reverse and continue reversed as long 
as the bank was excited. Switching off and on again might 
bring either leg No. 2 or leg No. 3 in reversed, and the reversed 
leg would be a stable condition as long as the transformers and 
line were energized. Occasionally, the three legs would come 
in without a reversed leg, and conditions would be normal. 

Case III. At approximately 60 per cent of normal voltage 
impressed, the first star-star bank, which was observed, showed 
siyns of distress by vibration noises. This condition followed 
charging the line and transformers through a three-pole oil- 
switch on the station side of the bank. The neutral on the 
station side was isolated and the line side neutral grounded. 
Investigation showed a second harmonic in the voltages from 
line conductors to ground. As stated above, this second har- 
monic was in time phase in all three legs and did not appear 
in the delta voltages, which latter were of normal magnitude. 
In this case, the second harmonic was approximately four times 
the fundamental component of the leg voltage. 
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In explanation: The impressed Y-voltage on the generator 
side of the bank produced an exciting current and correspond- 
ing flux, which induced the nominal line side leg voltage prac- 
tically 180 times degrees behind the impressed leg voltage. 
The Y-susceptance of the 37-mile line is capacitive. The Y- 
currents in the line side of the bank must flow through the 
transformers with the station side of the bank open-circuited 
for Y-currents; 1.е. the line side Y-reactances of the trans- 
formers are the open-circuit reactances. The capacitive Y- 
susceptance of the line is equivalent to a capacitive reactance, 
and is in series with the inductive Y-reactance of the trans- 
formers. Тһе inductive reactance of the transformer is the 
larger of the two. Consequently, the resultant reactance of 
the circuit of Y-currents is inductive and less than the reactance . 
corresponding to the exciting susceptance of the transformer. 
Hence, the line side Y-currents will be lagging, and of the order 
of magnitude required to excite the transformers at nominal 
voltage. The lag of this current will be more than 180 degrees 
and less than 270 degrees behind the impressed leg voltage on 
the generator side of the bank. The voltage induced by the 
flux corresponding to the Y-current is less than 90 time degrees 
ahead of the impressed leg voltage. 

The “ resultant ” leg e.m.f. on the generator side of the bank 
is, therefore, the vector sum of the impressed leg voltage and 
the voltage induced by the Y-current. That is, the '' result- 
ant ” leg voltages are above normal counter-e.m.f. and in three- 
phase relation. In order for this condition to exist, the neutral 
on the generator side of the bank must move in the e.m.f. dia- 
gram, and its motion is the effect of two sine wave e.m.fs. 
Thus, the equivalent motion of the neutral is in the axis per- 
pendicular to the plane of the fundamental frequency e.m.fs. 
In other words, the e.m.f. vectors of fundamental frequency 
may be represented in the xy-plane, while the vector represent- 
ing the motion of the neutral is coincident with the z-axis. 

As to frequency, at the instant of the maximum value of the 
above “resultant " leg voltage, the neutral is at its maxi- 
mum displacement. At the zero value of the '' resultant " leg 
voltage, the displacement of the neutral is a minimum. At 
the minimum, or negative maximum of the ''resultant " leg 
voltage, the displacement of the neutral is again a maximum, 
etc. Thus, it is seen that the displacement of the neutral is 
at double the frequency of the impressed leg voltage. Hence, 
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the counter e.m.f. between the actual neutral and the average 
position of the neutral is a double frequency e.m.f. 

The above phenomena are transformed to the line side of 
the bank and the line side leg voltages are proportional to the 
square root of the sum of the square of the double frequencv 
neutral e.m.f. plus the square of the vector sum of the impressed 
leg voltage and the fundamental voltage induced by the line 
side Y-current. 

Because the neutral on the generator side of the bank is free 
to float in transformer banks connected as in this case, the 
delta voltages are not affected, but are transformed in the 
nominal ratio of the units. 

As previously stated, the line side Y-current is more than 
180 and less than 270 time degrees behind the impressed leg 
voltage. That is, the Y-current lays behind the line side 
“nominal leg voltage." In the general case then, the Y-cur- 
rent produces a component of flux opposite in phase to, and 
a component in quadrature to, the flux corresponding to the 
impressed leg voltage. The quadrature component of flux 
produces the mechanical stresses and vibrations evidenced bv 
the noises. ; 

Case IV. The 37-mile line was energized from a delta-delta 
bank of transformers. The neutral on the line side at the send- 
ing end was grounded by a star-connected bank of transformers 
whose secondaries were star-connected with no load, 7.e., open- 
circuited. Thus, the star transformers were three iron-clad 
reactances legged, one from each line conductor to ground. 
However, they presented the only path for Y-currents, and 
therefore operated as 1:1 auto-transformers 1п respect to Y-cur- 
rents. The neutral of this bank, being grounded, could not 
pulsate to maintain the proper delta countere.m.fs. “he result 
was, that the delta voltage was raised to nearly twice the mag- 
nitude that existed when the line was disconnected; that is the 
path for Y-currents through the line and auto-transformers was 
essential to the phenomena; and the delta voltage was approxi- 
mately V3 times the “ resultant " leg voltage discussed in 
Case III. This excess delta voltage was dissipated in the 
line and backed up into the supply source, an extensive public 
service corporation network. 

As expected, the second harmonic was prominent in the line 
Y-voltages, and not noticeable in the delta voltages. 

Notwithstanding the excessive second harmonic leg voltages, 
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there was no appreciable third or sixth harmonic in the Y- 
voltages, though the Y-currents contained a large component 
of sixth harmonic frequency in both Case III and Case IV. 

This fact proves that the Y-impedance of the line to third 
and sixth harmonic currents was small in this case, and it in- 
dicates that the same is true of other long lines. 


CONCLUSIONS 


The conclusions to be drawn from this demonstration are 
well known axioms so far as concerns commercial operation of 
star-star transformers or auto-transformers. 

I. The use of star-star-connected transformers in long-distance 
transmission, with only the line side neutral grounded, is a 
dangerous practise unless a tertiary delta, ог its equivalent, 1$ 
used to stabilize the neutral. 

II. The use of grounded neutral star-connected auto-trans- 
formers in long-distance transmission is also a dangerous practise 
unless a tertiary delta, or its equivalent, is used. 

III. Grounding the neutral of an otherwise isolated trans- 
mission system by three iron-clad reactances or auto-transfor- 
mers connected in star is a dangerous practise. 

IV. The use of star-star transformers or auto-transformers 
on a grounded-neutral transmission system in safe if tertiary 
deltas, or their equivalents, are used at enough points to 
stabilize the neutral. With this type svstem, a liberal factor 
of safety is necessary in order to cover the emergency of the 
failure of the transformers containing the tertiary deltas. 

V. The instability of the neutral due to double-frequency 
e.m.fs. 1s the reason why the grounded star transmission without 
secondary or tertiary deltas, or their equivalents, is condemned 
as bad practise. 

VI. This demonstration leads to a comprehensive under- 
standing of the possibilities and impossibilities, rather than the 
advantages and disadvantages, of the grounded star and isolated 
types of transmission. 
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DELTA-CROSS CONNECTIONS OF TRANSFORMERS 


FOR PARALLEL OPERATION OF TWO- AND THREE-PHASE 
SYSTEMS 


BY GEORGE P. ROUX 


ABSTRACT OF PAPER 


Two methods of transformer connections, the tee-cross and 
the delta-cross, are described with their application for parallel 
operation of two-phase and three-phase systems. 

An attempt is made to explain as clearly as possible the 
voltage, current and phase relation, and the dephasing action 
which take place in each case. 

The delta-cross svstem of connections lends itself to a great 
number of applications, either for the parallel operation of two- 
phase andjthree-phase systems or for the simultaneous supply of 
two-phase and three-phase power from one bank of trans- 
formers. It is to be noted that in this system of connections 
no special taps are required, except a 50 per cent tap on one 
transformer (usually easily obtainable), the compensation of 
one phase of the system being done externally by means of a 
small booster transformer. 

The simplicity of connections, the feature that no special 
transformers are required, and no special taps necessary, give 
the electrical engineer facilities to meet promptly and econo- 
mically the requirements inherent to two-phase and threc- 
par simultaneous distribution from only one transformer 

ank. 


N THE merger and consolidation of electric properties into 
larger systems, the electrical engineer, in his task of 
rehabilitation and reorganization of the physical properties for 
more convenient and economical operation, very often finds two 
generating plants that could be operated in parallel, but un- 
fortunately, one has a two-phase and the other a three-phase 
generating equipment and distribution system. 

The changing of either one of the systems to conform to thc 
other involves considerable expense and a great deal of work and 
inconvenience, besides introducing some delay in completing the 
unification. It may also be desirable to supply the consolidated 
system from one plant and keep the other plant as a reserve or 
standby, at least for some time until the erecting of a central 
power plant is warranted. 


Manuscript of this paper was received July 8, 1915. 
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Under these conditions it is generally the practise to rewind 
the generators whenever this is feasible. This is quite an under- 
taking, usually interfering with the service, and is a useless ex- 
pense if the rewound equipment is only temporary. 

The parallel operation of two-phase and three-phase generators 
or of a two-phase and a three-phase system, or better yet the 
simultaneous distribution through four wires of two-phase and 
three-phase energy, can be effected in a very simple and economi- 


Two-Phase Three-Phase 
Generator ^----------- Generator 


Fic. 1—ONE PHASE IN PARALLEL 


cal manner, with no alteration or change in the mode of operation 
of the existing equipment, and at very little expense. 


PARALLELING TWO-PHASE AND THREE-PHASE GENERATORS 


In this case we have two generators of the same voltage and 
frequency. Phase A of the two-phase generator is in phase with 
phase C of the three-phase generator, as shown in Fig. 1. These 
phases can therefore be connected to each other. 

Phase B of the two-phase generator is 30 degrees from phases 


Two-Phase Auto-Transformer 
Generator Generator 

Fic. 2—PARALLELING Two-PHASE AND THREE-PHASE 
THROUGH AuTO-TARNSFORMER 


D and E of the three-phase generator, and it is necessary to 
swing this phase from 90 degrees of phase A, 30 degrees one way 
and 30 degrees the other, that is, make this phase oscillate to 
keep it in phase with the two other phases of the three-phase 
generator. 

To perform this operation automatically, we interpose between 
the generators an auto-transformer consisting of two transform- 
ers, M and T, each having a single winding, and connect the 
Systems as shown in Fig. 2. 
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Each transformer has а 100 per cent winding, the main trans- 
former M, is provided with a 50 per cent tap, and the other, 
the teaser T, with an 86.6 per cent tap. They are not connected 
in T but in the form of a cross, with the 86.6 per cent tap of the 
teaser connected to the 50 per cent tap of the main. 

The cross-connected auto-transformer will operate in the well 
known manner of the Scott connected. transformer for phase 
conversion from two phase to three phase, and vice versa. The 
13.4 per cent of the winding of the teaser operates as an auto 
booster to balance phase B, which otherwise would be short 
13.4 per cent as only 86.6 per cent of its winding is utilized in 
phase conversion. 

Fig. 3 shows the two generators connected on а four-wire 
busbar, to which single-phase,two-phase and three-phase feeders 
are connected and can be fed, with either machine operating 
singly or both in parallel. 


Auto- 
Transformer 
| 2-Phase Single-Phase 3-Phase ` ee 
Two-Phase Feeders Three-Phase 
Generators Generators 


Fic. 3—PARALLEL OPERATION ON TWO-PHASE AND THREE-PHASE 
GENERATORS ON Four-WikE DISTRIBUTION Bus, THROUGH AUTO- 
TRANSFORMER 


It is obvious that all phases are equally balanced, no matter 
which machine operates, as in the case of a Scott connection. 
The two machines can be located in the same engine room, or in 
different power houses some distance apart, their number and 
size being immaterial, provided they have the necessary charac- 
teristics for their operation in parallel. 

Quarter phase machines (that is, two phase-generators having 
their windings inter-connected) cannot be operated with this 
system, however, as the auto transformer would short circuit the 
phases. 


PARALLEL OPERATION WITH HIGH TENSION SYSTEM 


For the parallel operation of a two-phase and a three-phase 
generating plant with a system of higher or lower potential, 
the two-phase and three-phase generators operating in parallel 
as in the above case, and at the same time in parallel with a sys- 
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tem of different potential, two other styles of connection can be 
used: 

T—Cross connection. Bv the addition of a high-tension wind- 
ing to the cross connected auto-transformers, as shown in Fig. 4, 
the three svstems can be operated in perfect harmony and with a 
high degree of flexibility and independence. "The diagram of 
Fig. 4 is also clear and simple enough, so requires no further 
explanation. 

Delta—Cross Connection. Another system is still more con- 
venient and advantageous. It consists of three transformers 
connected in closed delta, each transformer identical in size, 
windings and characteristics, and of a capacity corresponding to 
one-third of the requirements. No special taps need be provided 
except the usual 50 per cent taps to be brought out of one trans- 
former only. The three transformers are connected in delta, 


High Tension 
System 


Cross Connected Feeders Generators 
- 2- Single 2-Phase 3-Рһ 
Transformers 3-Phase2-Phase Ёё” 2-Phase 3-Phase 


Scott Connected 
Transformers 


.Fic. 4— PARALLEL OPERATION OF THREE-PHASE INCOMING OR OUT- 
Сокс HIGH-TENSION LINE WITH Two-PHASE AND THREE-PHASE GEN- 
ERATORS ON Four-WIRE DISTRIBUTION Bus, THROUGH Т-Ско55-Сом- 
NECTED TRANSFORMERS 


as shown in Figs. 5 and 6, and a booster transformer having 
13.4 per cent the capacity and voltage of one phase of the two- 
phase system, is connected to the 50 per cent tap of one of the 
transformers, completing the delta-cross connection. 

The three delta-connected transformers, as per Fig. 6, behave 
like Scott-connected transformers through the 50 per cent tap 
of the main, and both phases AB and AC are swung alternately 
30 deg. around; AD, the phase resultant of AB and AC is 90 deg. 
to phase BC, but with a value of only 86.6 per cent for AB. 
Adding outside of the delta DE, 13.4 per cent of phase AB, 
makes phase A E of the same value in both voltage and capacity 
as each of the others. 

The 13.4 per cent addition (whose capacity is only 6.7 per 
cent that of the bank) is made to BC by using an ordinary pole 
type transformer connected so as to boost to the proper value. 
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Where potentials higher than 2300 volts are used in the two-phase 
system, a booster transformer with better insulation 1s naturally 
required. 

Two-phase and three-phase current can be drawn from or put 
into the transformers connected in this style, and two-phase and 

High Tension — Delta Cross | 

System Connected Feeders Generators 
Transformers 3-Phase 2-Phase 3-Phase 2-Phase 


Deita Connected 
Transformers 


Fic. 5—PARALLEL OPERATION OF THREE-PHASE INCOMING OR OUT- 
GOING HIGH-TENSION LINE WITH Two- PHASE AND THREE-PHASE 
GENERATORS ON Four-WIRE DISTRIBUTION Bus, THROUGH DELTA-CROSS- 
CONNECTED TRANSFORMERS 


three-phase generators both operated in parallel and with the 
high tension system, with absolute security and flexibility with- 
out affecting the operation of any part of the system. 

Fig. 5 shows the practical operating conditions of such a sys- 
tem that has been in operation for four years with complete 
satisfaction, which consists of three 500-kv-a., 6600/2300-volt 


Fic. 6—DELTA-Cross TRANS- Fic. 7—PHASE, VOLTAGE AND 
FORMER CONNECTION CURRENT RELATIONS OF Two- 
AND THREE-PHASE SYSTEMS 


transformers connected delta-cross. Another installation with 
three 100-kw., 6600/2300-volt transformers connected delta- 
cross has been operating under similar conditions for three 
years, paralleling two generators two miles apart. The two- 
phase generator has been replaced lately by a three-phase ma- 
chine of a larger capacity, and the two-phase apparatus on the 
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line has also been changed to three-phase. The three 100-kw. 
transformers have been kept in the plant and the only change 
made was the removal of the cross of the delta—that is, the small 
booster transformer, as there was no further use for the two-phase 
current. 

Three two-phase systems each 120 deg. apart, and one three- 
phase svstem, could be supplied through this style of connection 
requiring only six wires, as illustrated in Fig. 6, with cach phase 
60 deg. apart; that is, a six phase system could be supplied and 
sub-divided again into six phases making a twelve phase system, 
each with a 30 deg. angle difference. 

The removal of one of the two teaser transformers of Fig. 5— 
that 1$, operating in open delta—would not interfere with the 
two phase transformation, except that the capacity of the bank 
of transformers would be reduced correspondingly. 

Should the two-phase system be abandoned later, the booster 
transformer can be removed and the bank operated closed delta 
in the ordinary way. | 

The diagrams of Figs. 6 and 7 show the principle of the trans- 
formation of three-phase to two-phase. The current of the teasers 
instead of coming to the middle of the main, enters the ends and 
leaves at the middle. <A phase displacement of 30 deg. is effected 
or from 120 deg. to 90 deg. The phase so displaced, although 
having the proper angle, has not its original voltage value but 
only that of cosine of 30 deg. The complement is made through 
the booster transformer and is in phase with the phase boosted. 

The three-phase currents are not displaced or affected in any 
way. It is evident that the current circulates in the windings 
and distributes itself automatically according to the resistance 
of the exterior circuits, that is of the two-phase and the three- 
phase system. 

The applications of the systems of transformer connections 
described above, are practically unlimited, whether for per- 
manent or temporary installations. 

In the case of an isolated power plant supplying a two-phase 
system of distribution and later fed from a thrce-phase trans- 
mission line system, no changes are required to the existing local 
distribution system; and yet it can be gradually changed into a 
three-phase svstem, all new motor installations being three- 
phase. Тһе motors of the old installations when replaced at any 
later time, can be changed to three-phase. The two-phase local 
generating plant can be operated any time without interfering 
in the least with the operation of the entire system. 
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A two-phase and a three-phase installation can be fed from 
one bank of transformers simultaneously, without mutual in- 
convenience. Тһе 86.6 per cent tap on T- or Scott-connected 
transformers, can also be eliminated, as it is very often found 
difficult to provide for a tap of this value, which somewhat 
affects the internal stress of the transformer, while a 50 per. cent 
tap is not objectionable. "The eliminated. complement of the 
86.6 per cent tap can be compensated outside of the transformer, 
so that one transformer has a 100 per cent winding and the other 
115.5 per cent thus restoring equilibrium in phase valuc. 

The theory of the phase transformation which takes place in a 
system of transformers connected cross-delta, as shown in Fig. 
6, is in a wav similar to the dephasing action in T-connected 
transformers. The two-phase system is interlocked with the 
three-phase system, through one of their respective phases, which 
are in phase with cach other. See Figs. 1 and 7. 


VOLTAGE RELATION 

Let us connect a three-phase system with a two-phase system 
of the same frequency and voltage, to three transformers having 
the same number of turns and the same impedance, and con- 
nected in closed delta as per Fig. 6, with a smaller transformer 
connected at D, midway between В апа, С; this transformer 
cither to reduce or increase the terminal e.m.f. of line four so 
that the e.m.f. applied between D and A is only equal to КУЗ, 2 
= 86.6 per cent of the three-phase e.m.f. The resultant c.m f. 
between B and A, and C and A, each 30 dep. from DA, will be 
86.6, cos 30 deg. = Е; that is, сама! to and in phase with 
the three-phase e.m.f. between lines one and two, and one 
and three. Between lines two and three, the c.m.f. of the two- 
phase line is equal to and in phase with the e.m.f. of the third 
phase of the three-phase, both phases being in phase and inter- 
locked. 

Conversely, if we apply a three-phase voltage to the above 
transformers, the resultant voltage on the two phase side would 
be E = 100 between B and C, or at terminals of line one; and 
E Х 0.866 at A and D, ог 86.6 to which the small transformer 
DE adds the complement of (E — cos 30 deg.) — 13.4; the ter- 
minal voltage of line four will again be 86.6 + 13.4 = 100 = E. 

If we remove transformer two or onc, we will have an open- 
delta three-phase connection and still have the same voltage and 
phase relations between the two systems. 
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The addition of the appendix, DE, forming the cross of the 
delta, serves no other purpose but that of balancing the voltage 
in one phase of the two-phase system, which can be but 86.6 
per cent that of the three-phase system, the two systems acting 
as if the delta was superposed with a phantom inverted T-con- 
nection, of which 13.4 per cent of the upper end forms the ap- 
pendix at the middle base of the delta, and acts only in combina- 
tion with the short leg of the two-phase systems. 


CURRENT RELATIONS 


We have seen that one phase of the two-phase system is inter- 
locked with at least one phase of the three-phase system. The 
voltage and current of these two phases are therefore in phase, 
the voltages having the same value, but the currents differing by 
a constant ratio throughout the cycle equal to V3/2. 

The angular difference between each phase of the three-phase 
system is 120 deg. while only 90 deg. in the two-phase system. 
The respective angular position of each phase of both systems 
is shown in the crank diagram of Fig. 7. We therefore have 
phases I of each system in phase with each other, and phase IV 
of the two phase system 30 deg. in advance, or leading phase II, 
and 30 deg. behind or lagging, and in quadrature with phase 
III, time rotating cqunter-clockwise. 

To have a better understanding of the dephasing operations 

which have to take place during one cycle or revolution, let us 
consider a three-phase system of 30-kw. and a two-phase system 
also of 30 kw., both connected to a circuit without inductance 
or capacity, each system to satisfy the following conditions: 
30 kw. three-phase = E I V3 or 100 volts and 173.2 amperes per 
phase; 30 kw. two-phase = EI + EI or 100 volts and 150 
amperes per phase; that is, the current in each phase of the 
two-phase system differs V3/2 (or 0.866) with the current in each 
phase of the three-phase system, and is equivalent to 


EIwv3 
2E 


Connecting the primaries of three 10-kv-a. single-phase 
transformers in closed delta, as shown in Fig. 6, and omitting for 
the time being the secondary windings, these transformers can be 
considered as three auto-transformers with a ratio of 1 : 1. 

These transformers are connected to the three-phase system, 
as indicated in Fig. 6, and in addition, we connect phase I of 
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the two phase system at B and C, and phase IV at A and D, 
where D is equidistant from BC. 

Let us assume that only the two-phase generator is opcrated 
and that 30 kw. three-phase is required. 

‚ We will have the phase relations of the combined system, as 
shown by the polar co-ordinates of Fig. 8, from which we see 
that phase I of the two-phase system is parallel and therefore 
in phase and in time position with phase I of the three phase 
system. 

Phase IV of the two-phase system 15,90 deg. from phase I 
and exactly half way between phases II and III of the three- 
phase system; that is, leading phase II 30 deg. and lagging 30 
deg. and in time quadrature phase III. In all the diagrams we 
assume the independent variable, the time, rotating counter- 
clockwise. 

Taking the instantaneous values corresponding to time I, 
we have, as shown in Fig. 8, for the three-phase system. 

Phase I, cos 90 deg. at maximum and carrying 173.2 amperes. 

Phase II, 2 cos 60 deg. and carrying 86.6 amperes. 

Phase ПТ, $ cos. 60 deg. and carrying 86.6 amperes. 
and for the two-phase system 

Phase I, 1 cos 90 deg. at maximum and carrying 150 amperes. 

Phase IV, 4 cos 0 and carrying no current. 

Referring to Figs. 6 and 8, we see that the three-phase current 
flowing from О to Tı is 173.2 amperes, and is made up from 150. 
flowing in phase I of the two-phase system from O through lines 
I, and passing into the transformers of Fig. 6 from B to C with 


150 
2 cos 30 deg. 


= 86.6 amperes in phases II and III toward Oof Fig. 8, making 
again a total of 86.6 + 86.6 = 173.2 from Oto T 1. 

The current values and relations are also shown in crank 
diagram of Fig. 9, the dotted line showing the current in phase 
IV, which at that time is zero. | 

Taking another time position, as for 74, where the current in 
phase I of the two-phase and three-phase systems is zero, we 
have the following respective instantaneous values: 

For the three-phase system 

Phase І, 2 cos 0, carrying no current 

Phase II, cos 30 deg. carrying 150 amperes. 

Phase ПТ, + cos 30 deg. carrying 150 amperes. 
and for the two-phase system 


two resultants at 30 deg. in B A and C A,each of 
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Phase I, со 0, carrying no current. 

Phase IV, 4 cos, 90 deg. carrying 150 amperes. 

Following Figs. 6 and 10, we see that the current flowing 
through T 4 has the same value, 150 amperes in phase II and 
III, and at that time it is at maximum, or 150 amperes in phase 
IV, flowing toward O and entering the transformers at A, through 
line 4, where it divides into two halves, each 75 ampcres 30 deg. 


75 


apart, forming two resultants in A B and A C equal to ТЕ 


= 86.6 amperes, with a resultant of (86.6 + 86.6) cos 30 deg. 


k------m2-- 


I 


k-75 
Fic. 12 Fic. 13 Fic. 14 


Fics. 8-15— POLAR AND CRANK DIAGRAMS SHOWING PHASE RELATIONS 
AND CURRENT VALUES FOR Ti, Ту T; AND T; 


= 150 amperes in BC, flowing through T 4 of Fig. 10. The 
dephasing action is also shown in the crank diagram of Fig. 11. 
The current in phase I of the two-phase system at T 4 being 
zero, is shown in dotted line. 

The splitting and phase relation of phase IV is best shown on 
Fig. 10, where the shaded portion indicates the position of each 
half of phase ТУ after being dephased, and where one-half is 
shown m time lag quadrature to phase III. The two halves are 
hinged at Oin the polar diagram, or at A in the transformer con- 
nection, and open like a jaw 30 deg. each way as indicated. 
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If we now take time T 2, we have the following conditions— 
shown on Figure 12: 

‚Рог the three-phase system 

Phase І,1 cos 30 deg. carrving 150 amperes. 

Phase П, 1 cos 30 deg. carrying 150 amperes. 

Phase ПІ, сов 0 carrying no current. 
and for the two-phase system 

Phase І, т cos 30 deg. carrying 129.9 amperes. 

Phase IV, z cos 60 deg. carrying 75 amperes. 

At T2 wehave different conditions in the two-phase system: 
75 amperes in phase IV i in series, and 90 deg. from 129.9 amperes 
in phase I. The resultant of these two currents is 150 amperes, 
as indicated in the crank diagram of Fig. 13, which flow in phase 
I and II of the three-phase svstem bv T 2, current in phase III 
being at zero. 

At T 3, we have the identical conditions that we ‚ had at Т 2, 
except that the current is at zero in phase II, instead of in phase 
III, as shown in Figs. 14 and 15. 

For any other time position during the cvcle, the same de- 
phasing process takes place automatically, with the same current 
relations and values corresponding to each angular position. of 
the combined svstem. 

The total power of each polyphase svstem 1s: 

For the two-phase svstem, 


EI V3 4 EI V3 _ ЕГМЗ _ EI V3 
2 2 2 2 
and for the three-phase system, 
= I cos 30° + 5-1 сов 30° + E e. I = EI УҘ 


VOLTAGE AND PHASE TRANSFORMATION 


Adding a secondary winding of any given ratio of turns to the 
transformers of Fig. 6, and assuming that only half of the total 
30-kv-a. of the bank is used in the feeders, requiring no voltage 
transformation, the other half or 15 kv-a. can be used at a higher 
voltage, the voltage transformation taking place 1n the ordinary 
way in the secondary windings of the transformers which can be 
connected either delta, open-delta or star, or any other convenient 
way. Thesystem is necessarily reversible, and power of a higher 
voltage can be transformed to a lower voltage and dephased at 
will. 


1694 ROUX: TRANSFORMER CONNECTIONS _ (бері. 17 


This system of transformer connection lends itself to a great 
number of combinations and answers practically all service 
requirements. 

We might mention that it is possible to wind armatures of 
alternators with a cross-delta connection of Fig. 6, and supply 
two and three-phase currents from the same generator. This 
style of winding can also be applied to motors which would 
operate with two-phase or three-phase current at will, without 
alteration to the external winding connections. 

In both cases the auxiliary winding necessary to complete the 
delta-cross, would be supplied outside of the machine, through 
a small transformer. 


To be presented at the Panama- Pacific Convention of 
the American Institute of Electrical Engineers, 
San Francisco, Cal., September 16, 1915. 


I Copyright 1915. By A. I. E. E. 
(Subject to final revision for the Transactions.) 


THE EFFECT OF TRANSIENT VOLTAGES ON 
DIELECTRICS 


BY F. W. PEEK, JR. 


ABSTRACT OF PAPER 


In practise, failures of dielectrics are generally caused by tran- 
sient voltages. It is, therefore, of great practical importance to 
determine the various phenomena affecting the strength of di- 
electrics and means of protecting them when they are subjected 
to known transient voltages. An impulse generator from which 
impulse voltages of any given wave front, length of tail, etc., 
can be obtained 1s described. 

Energy is required to rupture gaseous, liquid and solid diclec- 
trics; this introduces a time element. Thus, on account of this 
time lag, when voltage is applied at a very rapid rate, as by an im- 
pulse, spark-over does not occur when the continuously applied 
break-down voltage is reached. The voltage ‘‘ over shoots ” 
or rises above this value during the time rupture is taking place. 
This excess, or rise, in voltage above the continuously applied 
break-down value is greater the greater the rate of application. 
The time depends upon the nature of the dielectric, the dielectric 
field, the shape and spacing of the electrodes, initial ionization, 
etc. 

The strength of air between spheres and needles for impulses of 
different front, length of tail, etc., is given, as well as the time 
In micro-seconds and the voltage required to rupture air between 
spheres and needles on the front of waves rising at various 
rates. 

Transient spark-over and corona voltages for wires, surface 
spark-over, insulator spark-over, effects of polarity, air density, 
practical application, etc. are given. 

Transient spark-over voltage and time are recorded for oil, and 
various solid dielectrics. 

The general laws of breakdown of dielectrics by transient volt- 
ages are summarized. 


INTRODUCTION. 
N ERGY is required to break down gaseous, liquid and 
solid dielectrics. This introduces a time element. As an 
example consider air. For continuously applied a-c., or d-c. 
voltages, rupture occurs when a given gradient is reached. This 
voltage gradient is constant and is termed the strength of air. 


Manuscript of this paper was received June 16, 1915. 


The author wishes to acknowledge indebtedness to Mr. B. L. Stemmons 
for his skilful assistance in making experiments and calculations. 
See Hayden and Steinmetz— Disruptive Strength with Transient Vol- 


tages, TRANS. A. I. E. E., 1910. 
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It may be defined in terms of the electron theory as the gradient 
that is necessary to bring the ions up to sufficient velocity to 
produce other ions by collision with atoms or molecules. Break- 
down takes place when ionic saturation is reached along a given 
path. The time element is not noticeable when the voltage is 
continuously applied. If, however, the time of application 1s 
very short, or limited, as is the case with transients, a higher 
voltage is required to produce ionic saturation in the limited 
time, than when the voltage is continuously applied. 

The rupturing energy and the time to cause rupture when а 


Fic. 1 


given transient voltage is applied, vary with the dielectric 
material, the dielectric circuit, thickness of material, initial 
ionization, etc. Data on, and the law of the variation of, insu- 
lation strength when subjected to transient voltages is of great 
practical importance, as most insulation failures are due to 
such voltages. 

The following investigation was made to determine the various 
phenomena affecting the strength of dielectrics when subjected 
to transient voltages. In order to make such an investigation 
a generator capable of supplying impulses of given wave front, 
tail, etc., 15 necessary. 
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METHOD OF PRODUCING KNOWN TRANSIENT VOLTAGES 


The Impulse Generator. Тһе impulse generator is shown in 
Fig. 1. Its operation is as follows: Constants of the circuit, C, 
L and R,, are adjusted for the desired impulse, and the sphere gap 
A sct for a given voltage, E. The transformer voltage is then 
gradually increased until the gap A discharges. Fig. 2 is an 
oscillogram of voltage across the gap A, and transformer current 
in the gap. This oscillogram shows that the gap at A breaks 
down at the maximum point of the 60 ~ wave, and that the volt- 
age across A drops to zero. Тһе arc at A holds and short 
circuits the transformer until the transformer voltage 1$ removed. 
Gap A thus automatically measures the applied low frequency 
voltage and in effect, closes the circuit as a switch. This is the 
novelty of this generator and makes such tests possible. The 
transformer is separated from the impulse circuit by the re- 
sistance w. 

The equivalent circuit is shown in b orc, Fig. 1. As soon as the 
arc closes the circuit, the condenser discharges through the arc 
and through the inductance and resistance. The transient con- 
denser discharge current causes a transient voltage across the 
resistance Рі. In the generator used in these tests, К, 1s a water 
tube resistance. L is made up of single layer coils in air. The 
condensers are made of glass coated with tinfoil. The foil is so 
placed that appreciable corona losses do not occur. 

The discharge current of a condenser through a resistance and 
inductance 15,! 


Е Io КЪ 
; 21. 21. 
po ee (. — € (1) 
S 
The transient voltage across К 15 
R-St R+St 
ER Е ШІСІ» 
e=1R = — ve — € (2) 
5 

Where Е = voltage across gap А (or condenser at [= 0). 

t = time in seconds. 

L = inductance. 


R = resistance of water tube, arc, coils, leads, etc. 
R, = resistance of water tube which is practically 


1. See Steinmetz, Transient Phenomena and Oscillations or Bedell 
and Crehore, Alternating Currents. 
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the total resistance of the circuit. 


S=V R= 
If R? < = 
е = 2 E 2 gin or (3) 
Where | q = 15 = = — К? 


Equations (2) and (3) are not changed as long аз СЁ and CR 
are constant. They may be re-written, using 
A=CL 
B = CR 


and thus involve only two constants of the circuit. With this 
substitution, (2) becomes 


E | =- N ar ! “(еду | 
VARZI 1A € — € (4) 
В? 


e = 


and (3) becomes 


| B, PENES 
ЭИ ЖЕ an (6/1), 
A/ 44 24 B* (B) 
EE 


(4) and (5) may be used in calculating the impulse voltage, e. 
For any given adjustment of A and B, the maximum of the 
impulse voltage, or the impulse voltage after any given interval 


of time, t, is? 
e — KE (8) 


2. If К is found by inserting ¢ from (7) in (4) or (6), KE is the maximum 
impulse voltage. 


PLATE CXVI. 
А. E. E. 
VOL. XXXiV, NO. 8 
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If the constants are such that R? > = the impulse is loga- 
rithmic and non-oscillatory and equation (4) is used. If the 


constants are such that R* < = the transient is oscillatory 


and the trigonometric equation (5) is used. By using (5) in 
such a way that only the first half wave is appreciable an im- 
pulse approaching a single half of a sine wave may be obtained. 
In such а case it is sufficient that the wave approximately follow 
a sine law from zero up to the maximum, and on the fall- 
ing wave to a point below the 60 ~ breakdown voltage 


Iq um 
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| 2.4 
MICRO-SECONDS 
Fic. 3 


of the insulation tested. Correction may be made for 
R, if necessary by multiplying e by x. The time at 


which the maximum of the wave occurs is 


= 2L q 
i= 2 arc tan R (Ta) 
for the trigonometric case, and 
_ L R + S 
t= > log, RS (7b) 


for the logarithmic case. 
Such waves are shown in Figs. 8 and 4. Tables I and II are 


given to show the method of making calculations. 
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The electrodes across which the transient spark-over voltages 
are to be studied, or the clectrodes between which 1$ placed the 
insulation under test, are connected across the resistance R. 
Gap A is set to give the desired impulse voltage. The trans- 
former voltage is then increased until arc-over occurs. Тһе 
test piece places a capacity, Cı, in multiple with the resistance, 
Ri. Unless С, is quite small compared with C the impulse will 
be modified by Ci. If not otherwise stated in the tests, С, is too 
small to affect results as shown by calculations and tests. 


GENERAL DISCUSSION OF THE EPFECT OF TRANSIENT VOLTAGES 

A definite finite amount of energy is required to break down 
air or other insulation. This means that break-down cannot take 
place instantly upon the application of voltage but that finite 


TIME 
Fic. 4 


time must elapse between the application of voltage and the 
break-down. The time depends upon the rate at which the 
voltage is applied, the dielectric material, the shape and spacing 
of the electrodes, initial conditions, etc. The strength of air 
under transient voltages will first be considered. 

When the time of application of the voltage is not limited, as 
at 60 ~ a-c., or d-c., air breaks down at a gradient of 30 kv. per 
cm. maximum (6 = 1). This may be again defined in terms of 
the electron theory as the gradient necessary to bring the ions 
up to sufficient velocity in their mcan free path to produce other 
ions by collision with atoms and molecules. Break-down occurs 
when a sufficient number of collisions take place to produce ionic 
saturation.? Initial ionization, even to a considerable extent, 


3. F. W. Peek, Jr.,—Law of Corona, I, 11, III, A. I. E. E. Trans, 
1911, 1912, 1913. 
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does not appreciably change this gradient for continuously ap- 
plied voltages. However, the time required for ionic saturation 
to take place may be changed by initial ionization. This time 


TABLE I. 
CALCULATION OF IMPULSE WAVE 


С = 0.0005 X 10-6 farads. L = 0.312 X 107 henrvs. R = 520 ohms. 


R 
2ER - — arc tan T 
c x 


Cmax = К sin arc tan — = 43.0 
q R 
.B = 
е = __ЗЕ__ 2A : Bt VE -1 
44 “ sin 24 B: 
B 
A = СІ = 156 x 10-4 B = C R -2246 X10- 
4А е - ; 
ES -1 = 2.87 B/2A = 0.0834 X 10! К = .43 
21. 4 . 
= arc tan — = 0.5 micro-seconds = 500 kc. 
t q R 
В Radians В! 
{ ү 4А Radians 724 er, 
Bt лл р А Ж 
micro- or Bt t Biv 1 x 57.3 Sin 0 € sin 0 e of 
secs. vA 24 = deg. kv. *max 
logio « 2A 0 kv 
0.20 | 0.167 | 0.072 | 0.846 0 48 27.5| 0.462 0.390 27.1 63.0 
0.40 | 0.334 | 0.145 | 0.714 0.96 55.0 0.819 0.585 40.6 94.5 
0.50 | 0.416 | 0.181 | 0.657 1.19 68.5 0.930 0.615 43.0 100.0 
0.60 | 0.500 | 0.217 | 0.608 1.48 81.8 0.989 0.600 41.8 97.5 
0.80 | 0.664 | 0.290 | 0.515 1.90 108 6 0.950 0.490 34.0 79.4 
1.00 | 0.830 | 0.360 | 0.436 2.38 136.5 0.725 0.316 22.0 51.4 
1.30 | 1.08 0.468 | 0.341 3.10 178.0 0.034 0.012 0.89 1.88 
1.45 | 1.20 0.520 | 0.302 3.44 197.0 —.290 —.0875 —6.18| —14.2 
1.60 | 1.34 0.581 | 0.258 3.82 219.0 —.630 —.162 —12.5 | —26.1 
1.80 | 1.49 0.646 | 0.226 4.28 245.0 —.906 —.205 —14.3 | -33.3 
2.00 | 1.67 0.725 | 0.189 4.78 274.0 —. 994 —. 187 -14.4 | —30.3 
2.25 | 1.87 0.814 | O 154 5.36 308.0 —. 788 —.121 —8.45| —19.7 
2.50 | 2.09 0.905 | 0.124 6.00 344.0 —.276 —.034 —2.6 —5.5 
3.00 | 2.50 1.080 | 0.078 7.17 412.0 + . 788 + .061 4.28] -9.5 
3.60 | 2.92 1.260 | 0.045 8.37 480.0 0.886 . 038 3.0 6.3 
4.00 | 3.34 1.450 | 0.035 9.58 550.0 —.173 —.006 0.46 0.99 


Trignometric case Fig. 3. 


element is not noticeable with continuously applied voltages. 
For instance, if a-c. voltages are continuously applied there is 
no indication whether break-down occurs at the first half cycle, 
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TABLE II. 
CALCULATIONS OF IMPULSE WAVE 


С = 0.00133 X 10^ farads. L = 0.604 X 102 henrys. R = 5270 ohms. 


R-S R +S 


ER R+S 23 RES 25 
fmax = —— —p -- -------- 
" (R — S) (R — S) 


41. 
where s-M $ — = 
K Se 


кедді E 


í = = In LI w 0.5 micro-second = 500 kc. K = 0.95 
A = CL = 8 X10" B = CR = 7 X 104 


B 
1- 44 = 0968 -- = 437 x 10-4 
В? 2A 


! Bi n 
micro- | 2A (1 


t = _ kv. 

seconds Vi a) 

В? 
0.30 0.04 0.889 91.8 96.5 
0.50 0.07 0.920 95.0 | 100.0 
0.70 0.098 0.908 93.8 98.8 
1.00 0.14 0.870 90.0 94.7 
2.00 0.28 0.758 79.5 83.5 
3.00 0.32 0.647 66.8 70.3 
4.00 0.56 0.572 59.2 62.3 
5.00 0.70 0.498 51.5 54.2 
7.00 0.98 0.378 38.5 40.5 
10.00 1.40 0.248 25.7 27.0 
20.00 2.40 0.061 6.3 6.6 


Logarithmic case Fig. 3. 
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or after a number of half cycles have elapsed. In order to study 
the time element single impulses must be applied. When such 
impulses are of sufficiently short duration, higher voltages are 
required to produce ionic saturation in the limited time. If 
the number of available ions is small at the start, a longer time 
may be required to produce ionic saturation. Single impulses 
must not be confused with continuously applied high frequency. 
With continuously applied high frequency a greater number of 
half waves may be necessary to cause break-down than at 60 ~ 
but a higher voltage is not necessary, as the effect of each half 
wave is cumulative. Note Fig. 4. If the voltage is such as to 
produce a gradient of 30 kv. per cm. and is continuously applied, 
as in wave A, break-down may take place at time a or a’, etc., 
depending upon initial conditions, etc.; g, is not changed, how- 
ever. 

If a single half cycle of a high frequency sine wave is applied 
so as just to cause spark-over it is found that the maximum volt- 
age must be such as to produce a gradient ga, while, break-down 
may take place at b or b'. Break-down takes place in shorter 
time than for A, but 1t is necessary to apply a higher average 
voltage during this limited time. If a very high transient over- 
voltage wave, C, is applied, break-down may take place at some 
point c, on the rising curve. The time is shorter than B, but the 
average voltage is much higher. If a wave D, with a long tail, 
and a maximum voltage just high enough to cause break-down 
is applied, rupture will probably take place at some point d, 
near the continuously applied wave A. The D voltage neces- 
загу just to cause arc-over is lower than В as the time is longer. 
In any case the insulation starts to break down as soon as the 
impulse voltage reaches the continuously applied break-down 
voltage. Thus, while the impulse voltage may not be sufficiently 
high to cause complete break-down, if it is higher than the 
continuously applied break-down voltage, it may do considerable 
damage to solid insulations. The wave E would not cause break- 
down in air; ionic saturation would not take place, but ionization 
would just begin. 

This discussion applies particularly to non-uniform fields, 

‘(for instance, the field around needles), where the ions do not at 
the same time everywhere come up to sufficient velocity to pro- 
duce others by collision. For more nearly uniform fields, as 
those around spheres, the time element is less. 

From the above discussion it appears that: 
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1. Impulse voltages higher than continuously applied voltages 
are required to rupture insulation. 

2. The increase over the continuously applied voltage de- 
pends upon the rate at which the voltage is applied or the steep- 
ness of the wave, and length of tail, time of application, initial 
conditions, etc. 

3. The increase in voltage, or required time, depends upon the 
length of gap, and shape of electrode, or the nature of dielec- 
tric circuit. This is so, inasmuch as the rupturing energy, and 
therefore, the time, depend upon the amount of air that it is neces- 
sary to ionize in the path of the arc. 

4. Dielectrics begin to rupture as soon as the impulse voltage 
reaches the continuously applied rupturing voltage; the effect 
is cumulative with successive impulses. А single impulse of 
short duration may cause complete break-down, if of sufficiently 
high voltage. 

5. Needle gaps are affected by the time element to a greater ex- 
tent than sphere gaps, because they require a greater rupturing 
energy. 

6. The time lag may be explained by the energy theory and, 
also, is in accordance with the electron theory. 

We have termed the ratio of the impulse break-down voltage 
to the continuously applied break-down voltage the “ impulse 
ratio." So far the discussion has been general; a more detailed 
and theoretical discussion will be given later. The discussion 
as given applies more particularly to air; with slight modifica- 
tions it also applies to other insulations as will appear later. 

It now remains to test the above reasoning by experiment. 


EXPERIMENTAL DETERMINATION OF THE EFFECT OF 
TRANSIENT VOLTAGES ON AIR 


SPARK-OVER OF SPHERES AND NEEDLES 


Impulses of the Same Front, but Different Duration. Spark-over 
voltages were measured between spheres and needles with wave 
shapes as shownin Fig. 5. Theinstantaneous voltages are plotted 
іп per cent of maximum. The time 15 measured in micro-seconds. 
The fronts of the waves are all practically the same and equiva- 
lent to that of a 500 kilocycle sine wave. The duration or the 
length of tail is, however, quite different. Table III gives the im- 
pulse break-down voltage, and the60 ~ break-down (continuously 
applied) voltage corresponding to different gap settings. "These 
tests were made by setting the A gap for a given impulse voltage, 


t 
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TABLE III. | 
IMPULSE SPARK-OVER VOLTAGES OF NEEDLES and SPHERES. 
(EFFECT OF WAVE SHAPE.) 


Needle gap. Sphere gap. 
(25 cm. spheres.) 


Continu- Continu- 
ously Impulse* ously Impulse* 
applied spark- applied spark- 
Spacing (60 —) Over Imp. Spacing (60 —) over Imp. 
cm. spark- kv ratio cm. spark- kv. ratio 
over (max.) over (max.) 
kv kv 
(max.) (max.) 


——— — | — ——À | к _ —-—--—.———-—-—-т(ск——-—-—_—-—_—_—_-#:-———-—_ 


Wave No. 1 (Sine Shape.) 


2.30 26.5 36.5 1.34 1.15 35.5 35.5 1.00 
3.50 38.0 60.0 1.58 2.00 59.0 60.0 1.02 
4.50 45.0 77.2 1.71 2.60 75.0 77.2 1.03 
5 10 49.1 91.0 1.86 3.00 87.0 90.0 1.05 
5.40 51.2 102.0 1.99 
6.10 56.2 113.0 2.00 
6.70 59.0 119.0 2.02 € "m Em 256 
R= 520 ohms L = 0.312 X 103 henrys C = 0.0005 X 10-6 farads K = 0.43 
: Wave No. 2. 
3.50 38.0 49.2 1.29 1.70 49.0 49.2 1.00 
6.80 59.5 90.0 1.51 3.10 88 90. 1.02 
8.90 70.5 118.0 1.67 4.40 121 118 .97 
10.80 79.5 142.0 1.78 5.30 142 142 1.00 
12.60 87.0 162.0 1.86 6.10 160 162 1.01 
14.10 95.0 181.0 1.91 7.00 180 181 1.00 
16.00 104.0 210.0 2.03 7.80 200 210 1.05 
R = 2080 ohms. L = 0.37 X 103 henrys C = 0.001 X 10-5 farad K = 0.85 
Wave No. 3. 
7.10 61.0 80 1.33 
12.30 86.0 124 1.44 
17.30 109.0 160 1.47 
20.10 122.0 192 1.57 | E ч " к 
21.50 134.0 217 1.75 9.30 225 217 .97 
К = 5270 ohms. L = 0.604 X 102 henrys С = 0.00133 X 10-6 farads. К = 0.96 
Wave No. 4 
8.80 70.5 81.5 1.16 2.60 80 81.5 1.02 
12.50 87.5 105 1.20 3.50 103 105 1.02 
21.00 127 145 1.14 5.40 145 A 145 1.00 
23.80 141 163 1.16 6.50 159 163 1.02 
26.40 152 180 1.18 ЕСА ЫЗ . 
30.5 171 207 1.21 bus ed 2x ж 
R = 6800 L = 0.604 X 103 henrys C = 0.004 X 10-8 farads К = 0.98 


*Calculated from circuit constants and voltage E, across gap A. See equations 1 to 7 
Cmax = Ek. Where t is obtained from 7. See Tables I and II. 
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and adjusting the spheres or needles (not in parallel) across E, 
until arc-over occurred. This was repeated for different voltages 
until a curve was obtained. 

Looking at Fig. 5 wave No. 4 is of longest duration, while 
wave No. 1 is of shortest duration. Wave No. 1 may, in fact, 
be considered as equivalent to a single half cycle of a 500 kilo- 
cycle sine wave. "The oscillation may be neglected, as its maxi- 
mum value for any given spark-over is kept below the continu- 
ously applied spark-over voltage. 

According to the general discussion above, a much greater 
spark-over voltage should be required, for a given spacing when 
wave No. 1 is used than with 60 ~, the spark-over voltage for 


x rer | 
ms mima 
К ИШЕ E Е ш 
0 0.4 0.8 12 16 20 24 2.8 
MICRO-SECONDS 
FiG. 5 


wave No. 1 should also be greater than for waves Nos. 2, 3 and 4. 
The spark-over voltage of wave No. 4 should be lower than for 
waves Nos. 1, 2 and 3 but greater than 60 ~. This applies 
particularly to needles. With spheres at limited spacings, (not 
greater than the sphere diameter), where the field is more or less 
uniform, less effect due to limited time should be expected. Ina 
uniform field the ions come up everywhere at the same time to 
sufficient velocity to produce others by collision. The path is 
of minimum length. Spark-over is the first evidence of stress. 
With needles considerable energy must be expended in corona in 
a large space before spark-over can occur. The length of the 
path is a maximum. 

Such data on spheres and needles are tabulated in Table III 
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and plotted in Fig.6. The experimental results check the gen- 
eral discussion. For example, looking at Fig. 6, at 10-cm. spacing 
the spark-over voltage of needles at 60 ~ is 75 kv.; with wave 


но es Е 
= * 4 foie 


2 ZZ Aa 
T OAC Rr AN 


ЖЕРІІІІІГІ 
ыы 


KILOVOLTS (МАХ) 


BN SENE EE 
3 
SPACING- CM. 
Fic. 6—IMPULSE SPARKOVER VOLTAGES OF NEEDLES EFFECT OF WAVE 
SHAPE 


Numbers on curves refer to waves in Fig. 5. 


No. 1 it is 188 kv.; with wave No. 2 it is 131 kv.; with wave No. 
3 it is 104 kv.; with wave No. 4 itis 90 Ку. The total time that 
waves Nos. 1, 2, 3 and 4 at the voltages just given are above the 
60 ~ voltage is approximatly 0.95, 1.52, 2.70 and 5.0 micro- 


m et Tx О О Д В В ae sss 
в Я SS ии ВЕ ВЯ ИЕ 


TIME MICRO-SECONDS 


Fic. 7— CONTINUOUSLY APPLIED, AND VARIOUS IMPULSE VOLTAGES 
JUST TO CAUSE SPARKOVER—10-cM. GAP BETWEEN NEEDLES 


[Note time of various impulses above continuously applied.] 


seconds! respectively. See Fig. 7. Where the maximum of the 
impulse voltage is very little above the continuously applied 
voltage the time may be comparatively very great. 


4. One millionth of a second. 
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The effect of these voltages on spheres is given in Table III 
and plotted іп Fig. 8. Тһе drawn curve is the 60 ~ curve. The 
points are measured impulse values. It is seen that these fall 
close to the 60 ~ curve where the sphere diameter is large com- 
pared to the spacing, or where 
the field is fairly uniform, as was 
the condition under which tests 
were made. It would thus ap- 
pear that the sphere offers a 
fairly accurate means of measur- . 
ing transient voltages of steep ` Gs 
wave front. The applied im- ` EP SEEN 
pulse voltages measured by ЖЕРЛЕ ЖЕНЕ 
spheres (with the above limit- fate | 


ations) check well with the 
voltages calculated by consid- 
ering the transient current flow- 
ing through the resistance R.. 
Thus the time, or more exactly the __¥1G. 8—IMPULSE SPARKOVER OF 
. 25-CM. SPHERES—EFFECT OF WAVE 
energy, required to spark-over a er 
sphere gab ts much less than that 
required for a needle gap; the amount of air that it is necessary to 
ionize before rupture is much less for the sphere. In all cases 
tests were made to show that the change in capacity of the gap 
and stand did not effect the impulse. | 


- 


IMPULSE RATIO 


12 1 
SPACING-CM. 
Fic. 9—IMPULSE RATIO OF NEEDLES AND 25-CM. SPHERES—EFFECT 
OF WAVE SHAPE 


Wave No 1, Fig 5, X Wave No. 3, Fig. 5 ^ 
“ & 2 [3 ч О “ “ 4 “ “ + 


The impulse ratio for spheres and needles is shown in Fig. 9. 
It will be noted that it is practically unity for spheres; for needles 
it increases with the gap length and with decreasing time of ap- 
plication. 
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VARIATION OF SPARK-OVER VOLTAGES OF SPHERES AND NEEDLES 
FOR SINGLE HALF-CYCLE SINE WAVE IMPULSES CORRESPONDING 
TO DIFFERENT FREQUENCIES 


In Table IV spark-over data are given for spheres and needles 
for different single sine wave impulses. These impulses approxi- 
mately correspond to single half cycles of sine waves of different 
frequencies. 


TABLE IV. 


VARIATION OF SPARK-OVER VOLTAGES OF SPHERES AND NEEDLES FOR 
SINGLE HALF CYCLES OF SINE WAVES CORRESPONDING TO DIFFERENT 


FREQUENCIES. 
Needles Spheres 25 cm. 
| 
60 ~ *Impulse 60 ~ Impulse* 

Spacing spark- spark- Impulse Spacing spark- spark- | Imp. 
cm. over over ratio cm. kv (max.) over ratio 
Ку. (тах.) | kv. (max.) | (max.) | 

31 Киосусіев. 
5.20 51.0 51.0 1.00 1.70 51.0 51.0 1.00 
9.00 71.5 71.5 1.00 2.40 71.5 71.5 1.00 
12.10 86.0 87.2 1.01 3.00 86.0 57.2 1.01 
15.00 99.0 101.0 1.01 3.60 102.0 101.0 | .99 
15.90 105.0 113.0 1.07 4.00 113.0 113.0 1.00 
17.20 110.0 122.0 1.10 4.40 122.0 122.0 1.00 
18 50 116.0 130.0 1.12 4.80 130.0 130.0 1.00 
К = 2000 ohms L = 16.1 X 103 henrys С = 0.0024 X 10-6 farads. К = 0.480 
55 Kilocycles 
3.50 38.0 38.0 1.00 1.25 38.0 38.0 1.00 
5.10 49.4 49.4 1.00 1.65 49.4 49.4 1.00 
7.00 59.2 59.2 1.00 2.00 59.2 59.2 1.00 
8.50 69.0 69.0 1.00 2.35 69.0 69.0 1.00 
9.60 75.0 76.0 1.01 2.60 76.0 76.0 1.00 
10.60 79.0 84.0 1.06 2.90 83.5 | 84.0 1.00 
11.30 83.0 91.0 1.09 3.10 90.5 91.0 1.00 
12.50 88.5 97.0 1.10 3.40 97.5 97.0 1.00 
13.70 94.5 106.0 1.12 3.70 104.0 106.0 1.02 
R = 700 ohms L = 3.17 X 103 henrys С = 0.004 X 10-6 farads К = 0 457 
83 Kilocycles. 
2.40 29.6 30.4 1.02 1.00 30.4 30.4 1.00 
3.80 41.5 43.8 1.03 1.50 43.8 43.8 1.00 
5.70 53.3 56.5 1.06 1.95 56.5 56.5 1.00 
7.10 61.5 68.0 1.10 2.35 68.0 68.0 1.00 
8 40 68.5 77.5 1.14 2.70 77.5 77.5 1.00 
10 80 80.0 91.7 1.15 3.20 90.5 91.7 1.01 
11.80 85.0 103.0 1.21 3.60 102.0 103.0 1.01 
13.40 91.5 123.0 1.34 4.25 120.0 123.0 1.02 
15.10 100.0 137.0 1.37 5.00 135.0 137.0 1.00 


R = 910 ohms L=2.5 X 105 henrys C = 0.0024 X 10-8 farads К = 0.515 
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TABLE IV—Continued 


Needles Spheres 25 cm. 
60 ~ 60 ~ Impulse* 
Spacing spark- | *Impulse | Impulse ; Spacing spark- spark- Imp. 
cm. over kv. (max.) ratio cm. over over ratio 
kv. (max.) Ку. (тах.)| (max.) 


а | ү} | | ee | ee | eee fee 


100 Kilocycles. 


2.70 31.8 35.4 1.10 
6.50 58.0 65.0 1.13 
9.0 71.5 89.0 1.26 
11.4 83.5 110.0 1.32 
13.6 93.0 127.0 1.36 
К = 2080 ohms L = 2.50 X 103 Һепгуѕ С = 0.001 X 10% farads. К = 0.60 
230 Kilocycles. 
1.75 21.1 25.0 1.18 . 
2.70 31.0 37.6 1.21 
3.80 40.8 50.1 1.23 
4.95 48.5 62.5 1.29 
6.20 56.5 75.5 1.34 
7.25 62.5 88 0 1.14 
8.50 69.0 100.0 1.45 15 x ы a 
R = 500 ohms. L = 0.799 X 103 henrys С = 0.0008 X 10-5farads К = 0.356 
350 Kilocycles 12.5 cm Spheres 
2.20 26.1 32.6 1.25 1.05 | 33.0 32.6 .99 
3.20 35.2 50 2 1.42 1.65 49.4 50.2 1.02 
4.30 44.4 67.0 1.51 2.30 65.6 67.0 1.02 
5.85 55.0 83.5 1.52 2.90 81.0 83.5 1.03 
7.00 61.2 100.0 1.63 3.45 95.0 100.0 1.05 
8.60 69.5 117.0 1.68 4.25 113.0 | 117.0 1.05 
9.85 76.0 134.0 1.76 - Б? Т E. 
R = 430 ohms. L = 0.312 X 103 henrys C = 0.001 X 10-8 farads. К = 0.470 
900 Kilocycles. 
1.65 9.2 14.2 1.52 0.40 14.1 14.1 1.00 
1.20 15.2 28.3 1.86 0.90 28.2 28.2 1.00 
] 8O 21.6 42.3 1.91 1.40 42.3 42.3 1.00 
2.60 29.7 56.5 1.92 1.90 55.0 56.5 1.02 
3.10 33.9 70.7 2.08 2.40 68.0 70.5 1.03 
3.60 38.9 84.7 2.18 2.90 82.0 84.5 1.03 
4.00 42.3 99.0 2.34 3.50 95.0 98.5 1.04 
" P " с 3.70 100.0 106.0 1.06 
R = 400 ohms. L = 0.166 X 10-3 henrys. С = 0.00025 x 10-8 farads. К = 0.35 


*Calculated from circuit constants and voltage Е. across gap А. See equations 1 to 7. 
max «ЕК where tis obtained from 7. See Tables I and II. A is constant for any given 
wave. The impulse voltages are obtained by multiplying the 60 ~ voltage E, by K. 
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Needles. The time range is from continuously applied (60 ~) to 
900 kc. Applying the same reasoning used above, where the 
duration of the impulse is decreased, higher spark-over voltages 
should be required for needles; thus, the higher the frequency 
(the shorter the time) that the single half wave corresponds to, 
the higher the voltage that should be required to cause spark-over. 
The data is plotted in Fig. 10. It must be remembered that 
“ frequency ” is not used in the ordinary sense; it indicates here 
the time required for the voltage to reach a maximum along a 
sine curve. For instance, the 500-kc. wave reaches its maximum 
in 


1 . 
MNT Энн T _ | 
4 Х 500,000 0.5 X 10-6 seconds = 0.5 micro-seconds. 


| 
ПЕ 
Ж 
E 
: 


[md 


8 10 
SPACING-CM. 
Fic. 10 


Note the voltages corresponding to 5 cm. spacing. These volt- 
ages are 48 kv. for continuously applied, 57 kv. for 100 kilo- 
cycles; 64 kv. for 230 kilocycles; 75 kv. for 350 kilocycles; 93 
kv. for 500 kilocycles and 123 kv. for 900 kilocycles. 

The variation of voltage with frequency or l/time in micro- 
seconds to reach the maximum 1s plotted for constant spacings 
in Fig. 11. These curves cut the axis (zero frequency) at the 
continuously applied spark-over voltage. 

For any single half cycle sine-shaped impulse at any instant 
at a given “ frequency " the rate of application of voltage across 


€max 


t 


the gap, a = < . Average а = is greater the higher 
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the maximum voltage. Thus, 15 500 kc. and 3-cm. spacing (Fig. 
11) , @max = 58 kv.; t = 0.5 micro-seconds. 


= 25. = 116 kv. per micro- sec.; at 5-ст. spacing 
91 | 
a= = 182 kv. рег micro-sec. The law of spark-over of 


needles for sine shaped impulses determined from data in Table 


IV may be expressed 
e = 0.0176 x f + е, (8) 


KILOVOLTS (МАХ) 


28 3.2 3.6 40 


0 04 08 16 20 24 

VTIME TO REACH MAXIMUM 
100 200 300 400 00 900 1000 

SINGLE HALF SINE WAVE IMPULSES CORRESPONDING FREQUENCY IN KILOCYCLES 


Fic. 11—IMPULSE SPARKOVER VOLTAGE OF NEEDLES—SINGLE HALF- 
CYCLE OF SINE WAVE OF DIFFERENT FREQUENCIES 


where e = maximum of a sine shaped impulse just to cause 
spark-over. 
еу = maximum 60 ~ spark-over voltage. 
f = corresponding frequency of single half sine wave 
impulse in kilocycles. 
x = spacing in ст. 
е, = 0.0176 x f = voltage rise above the 60 ~ spark-over 
voltage. 
The crosses in Fig. ll are calculated from this equation; 
the circles are measured values. 
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Equation (8) may also be written in terms of the time t, in 
which the sine wave reaches а maximum. Thus, 


10° 
i= 41 


Therefore, from (8) 


i (9) 
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Fic. 12—NEEDLB GAP SPARKOVER—(KV. VS TIME.) 


where ¢ = time in micro-seconds for the impulse to reach maximum 


44x 
€ — ео 


(10) 


It is interesting to take a given spacing x, and determine t for 
various assumed values of e. Such curves are plotted in Fig. 12; 
e then is the voltage which is reached before spark-over occurs. 
This voltage starts from zero, and approximately follows a sine 
curve which reaches its maximum in the time t. It is probable 
that for needles, arc-over takes place after the maximum is 
passed. It can be seen that when the voltage does not rise 
rapidly above ео the time lag may be very great. The lag is 
greater at large spacings than small ones. At a given spacing 
the lag decreases with increasing rate of application, ог а. 
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It is of interest to put ¢ in terms of the rate of increase of volt- 
age. Where a is the average rate of increase in voltage between 
zero and a maximum 


NC 
t 
e = at 


Substituting in (9) and solving for t 


_ “° 4.4 x 
£ = 2o +V + (11) 


ҒҒ 
4a? о 


The time that the voltage is above ey may be found by sub- 
tracting the time required to reach ey from і. An equation con- 
taining а as in (11) would be of especial interest for voltages 
increasing along a straight line at a definite slope а. See data 
Table V. 

In making impulse tests it is found that spark-over may not 
take place at every impulse, but perhaps at only one in ten, or 
one.in fifty. To cause spark-over at every impulse it is necessary 
to increase the voltage, the amount depending upon the elec- 
trodes. The difference is minimum for spheres, and about 1 
рег cent. It may be 10 per cent for needles at very steep wave 
front. It is maximum for unsymmetrical electrodes. This 
will be discussed later. In all of these’ tests, unless otherwise 
stated, the gap was set so that one spark-over took place in ten 
impulses. 

Spheres. Up to single half cycles of 1000 kc. sine waves, there 
is no great difference between the continuously applied and im- 
pulse spark-over voltages for spheres set below diameter spacing 
(except at very small spacings). Spark-over probably takes 
place near the maximum point of the wave. Such variations 
as occur are within the range of experimental error and thus 
cannot be accurately determined. When the spacing is less 
than the diameter of the sphere corona cannot form; spark- 
over occurs along a small tube of air directly connecting the 
nearest surfaces of the spheres. The spacing is small com- 
pared to needle gap spacing for the same continuously applied 
voltage setting. Before a needle sparks over, a large “ sphere" 
of corona must first form. Much more energy is required than 
for the spheres. See Fig. 13 where this is illustrated diagram- 
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matically. When the sphere spacing is so large that corona pre- 
cedes spark-over, the time lag or energy lag becomes appreciable. 
The condition at very small spacings is a special one and will 
be considered later. "Thus, the sphere used within the proper 
limits is very “ fast ", compared to points, and offers an accurate 
means of measuring transient voltages 1n the range covered above. 
The curves сап be calculated by formulae already given.’ Other 
electrodes have small time lag when arranged in such a way that 
the dielectric field is fairly uniform and corona formation does 
not precede spark-over.- 

The surfaces of the spheres may be roughened, to some extent, 
without greatly changing the impulse spark-over voltage. Drops 
of water or rain on the electrode surface greatly reduce the 60 
~ spark-over voltage but reduce the impulse voltage to a much 
less extent. 


Fic. 13 Fic. 14 


SPARK-OVER OF САРЗ IN MULTIPLE OVER VOLTAGES АТ 
CONSTANT SLOPE 


If sphere and point electrodes set to spark-over at the same 
60 ~ voltage are placed in multiple and a steep wave front 
impulse is applied, spark-over will always take place across the 
sphere gap. See Fig. 14. The sphere gap may now be set at a 
higher continuously applied or 60 ~ voltage than the needle gap; 
an impulse, if of sufficiently short duration and high enough 
voltage, will spark-over the sphere gap before the needle gap has 
time to discharge. For instance, if a sphere gap is set for 84 
kv. and a needle gap for 45 kv. at 60 ~, an impulse equivalent to 
a single half cycle of a 177 kv. sine wave (of average front a = 
730 kv. per micro-sec.) will always discharge across the sphere 
gap in spite of the fact that the needle gap is set at about half 

5. Е. W. Peek, Jr.,—'' The Sphere Gap as a Means of Measuring High 
УҮоКарев."--Твахв5, A. J. E. E., 1913, 
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the 60 ~ voltage. These gaps share the impulses equally, only 
when the 60 ~ settings are 84 kv. and 42.6 kv. respectively. 
See Table V. This illustrates the difference in speed between a 
needle gap and a sphere gap. The impulse voltage is allowed 
to rise above the 42.6 kv. setting of the needle gap, and reach the 
84-kv. setting of the sphere gap before the needle has time to 
spark-over. It is probable that, due to the relatively small lag 
of the sphere, the voltage rises slightly above 84 kv. See Fig. 
15, where this particular case is illustrated. The needle gap 
spark-over voltage is 42.6 when the time is not limited; due to the 
time lag, spark-over does not take place when the voltage rises 
to 42.6 kv. but at some higher value, 4, micro-seconds later. 
The time, /,, represents the small time of the sphere. With the 
above setting, spark-over may take place across either gap. If 
both the sphere gap and needle gap are now set at 42.6 kv. (60 ~) 
the sphere gap will spark-over і, micro-seconds after this voltage 


— 177 Kv. —177 Kv. 


Spark takes place — Needles Orscharge 84 Kv. 
(If Spheres are out 
of Circuit) 


Needle... ; Spheres Discharge 


Setting 42.6 Kv. Setting of both Spheres | 
and Needles 42 6 K 


Fic. 15 Fic. 16 


occurs. The time, /,, is relatively very small. The needle gap 
can then never discharge until the sphere gap 1s removed when 
spark-over will take place after the voltage has increased above 
42.6 kv. along the wave for the time ta. See Fig. 16. With the 
relative settings as in the first case above sparks may be made to 
pass at will over either the spheres or needles for the multiple 
gap by varying the wave front. 

The data in Table V were obtained by applying over-voltages 
to sphere and needle gaps in multiple. Тһе sphere gap was set 
at a given voltage, the needle gap was then adjusted until the 
applied impulse sparked an equal number of times between 
spheres and needles. A number of points were thus obtained. 
The waves made use of in obtaining different “ fronts ” are illus- 
trated in Figs. 15 and 17. А maximum impulse voltage was 
always taken higher than the voltage setting of the sphere so that 
discharge took place on the rising wave where the front was still 
steep. This, then, approximates a voltage wave rising along 
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TABLE V 
SPARK-OVER OF SPHERES AND NEEDLES IN MULTIPLE ON RISING WAVE 
(SET TO SHARE IMPULSES E,UALLY ON VERY Наюн OvER VOLTAGES.) 


Spaced to share im-| 


Applied pulses equally. Spark-over voltage Time 
Impulse for these gaps at 60 |Wave front {тот zero 
(Single half ~ (max.) (average) | to sphere 
cycle 500 а = kv. voltage. Imp. 
kc. sine Spheres | Needles рег micro- | micro- Ratio 
wave.) 12.5 cm. sec. sec. 
max. kv. Spheres* | Needles Needlcs 
212 0.90 0.95 28.3 12.2 1080 0.027 2.30 
s 1.95 2.25 56.5 26.4 940 0.060 2.14 
s 3.07 3.90 84.0 41.7 900 0.094 2.00 
* 4.27 5.70 113.0 53.5 850 0.132 2.10 
Е 5.63 7.20 141.0 62.1 770 0.180 2.25 
s 7.20 10.00 170.0 76.0 710 0.240 2.24 
177 0.90 1.00 28.3 12.8 810 0.035 2.20 
e 1.95 2.45 56.5 28.2 790 0.071 2.00 
к 3.07 4.15 84.0 42.6 730 0.115 1.97 
s 4.27 5.80 113.0 54.0 660 0.170 2.10 
ы 5.63 9.40 141.0 73.0 590 0.240 1.95 
” 107 0.90 1.05 28.3 13. 495 0.057 2.16 
1.95 2.75 56.5 31.0 430 0.131 1.82 
s .07 5.00 84.0 49. 345 0.242 1.71 
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a straight line of a given slope. The sphere gap measures ap- 
proximately the discharge voltage as shown in Fig. 15. The 
actual voltage is higher. The average rate of increase is in one 
case 1080 kv. per micro-sec. Note that for this particular case 
the sphere gap and the needle gap are set at approximately 
the same linear spacing. ‘Thus, for steep enough wave fronts, 
the linear spacing determines where the discharge takes place 
for gaps in parallel, although the continuously applied spark 


TABLE VI. 


TRANSIENT CORONA 
(Single half sine wave.) 


CONCENTRIC CYLINDERS IN AIR 


Bar = 76. cm. t = 25 deg. cent. b= 1 Outer Cyl. rad. R = 8.8 cm. 
Wire 60 ~ tests. Impulse tests. 
Radius 
Test Corona Single half 
r Calc. Test spark- sine wave 
cm. corona corona over A B 


kv. (max.)|kv. (max.)|kv. (max.)|kv. (тах.)|Ку. (max.) 


—MÓ——— ms | ——M———M dM da————— ——————— ить ча 


0.0318 13.4 135.0 13.8 15.6 
14.7 16.0 
15.1 16.1 
0.0573 20.5 20.0 110.0 21.2 23.7 
22.0 24.0 
22.6 24.0 
0.130 31.4 31.3 49.6 32.3 33.2 
| 33.5 34.0 
34.2 34.8 
0.95 86.0 85.0 86.0 85.0 86.0 
87.0 87.5 
87.5 88.0 

1.425 100 98.0 98.0 99.0 99. 
99.0 99.5 


voltages vary greatly. It is even conceivable that for very 
steep wave fronts a smaller gap would be necessary for need- 
les*than for spheres. 


TRANSIENT CORONA AND SPARK-OVER FOR CONCENTRIC 
CYLINDER. + AND — TRANSIENT CORONA 
Single half wave impulses were applied between concentric 
cylinders in a dark room, The impulse voltage was gradually 
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increased until visual corona started. The tests were conducted 
in much the same way as similar tests at 60 ~. The visual 
corona was quite definite although the impulse producing it 
in some cases reached its maximum value in approximately 
3 Х 107 seconds. A difference in the appearance of the 
corona was noted with successive impulses. There ap- 


TABLE VI—Continued 
Bar 76 cm. t = 25 deg. cent. $ =]. Outer cylinder. R = 3.81 cm. 


60 ~ tests Impulse tests 
Wire 
Radius Corona 
r Calc. Test Test --------------| Spark- 
cms. corona corona spark- A B over 
Ку (max.)|kv. (max). Over kv. (max.)|kv. (max.)|kv. (max.) f 
Ку. (max.) 

0.0129 5.7 8.5 32.0 100 
9.2 68.0 500 
9.5 Ds 900 

0.0318 12.3 12.0 49.0 13 4 14.7 33.0 100 
13.5 14 7 67.5 500 
14.5 15.0 vs 900 

0.0573 17.2 4 40.0 17.4 18.2 35.0 100 
20.0 20.5 66.0 500 
24.0 24.7 >i 900 

0.239 33.5 з 33.9 33.4 37.1 44.7 100 | 

| 37.0 38.9 63.7 500 | 

37.0 103.0 900 i 

0.318 38.0 37.9 37.9 38.5 39.0 45.0 100 | 
39.5 40.0 64.0 500 | 
41.6 42.0 98.0 900 

0.635 49.0 48.1 48.1 49.0 49.7 50 0 100 | 
50.0 50.5 62.0 500 
51.6 52.0 81.0 900 | 

1.27 55.0 55.0 54.5 550 | 35.0 55.0 100 | 
260 56 0 57 0 o00 


л 
(е, 
o 
& 
c 
Ge 
c 
чы 
< 
< 
c 


peared to be two kinds. This should be the case, as the wire 
should average an equal number of times positive and negative. 
The voltage at which the first appeared is in Table VI, Column A; 
the second is in Column B. The difference in voltage is not 
great and can only be detected for small wires. The corona 
appears to start at the lowest voltage when the wire is negative, 
(0.0573 cm. diameter wirein 7.6 ст, cylinder, 6 = 1).When the 
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wire is -+ the corona seems to extend out toaconsiderable extent in 
fine streamers. The visual voltages for 900-kc. impulses were — 18 
and +19. The 60 — calculated and measured values correspond- 
ing to the impulsemeasured values are given in Tables VI and УП, 
and plotted in Figs. 18, 19, 20 and 21. A comparison between 
the apparent impulse and the 60 ~ corona voltages is best made 


г 


TABLE VII. 
TRANSIENT CORONA AND SPARK-OVER. 
Bar. = 76 cm. t = 25°C. 8 = |. 


Radius Outer Cylinder R = 8.8 ст. 


Corona Spark-over. 
Ет Ет Freq. 
Wire meas. cal. £v Kilo- Kilo- kilo- 
radius 60 — 60 ~ limpulse| Imp. volts volts Imp. cycles 
r kv. per | kv. per | kv. per ratio 60 ~ impulse ratio single 
cm, cm. cm. cm. (max.) lin 10 half sine 
(max.) | (max.) wave 
0.0318 | 76.0 77.0 135.0 100 $ | 100 
82.0 ° = 500 
| 85.0 8 a 900 
о qd 
0.0573 | 70.0 | 71.5 | 73.0 1.02 110.0 100 $9 100 
76.0 1.06 H 9 500 
78.0 1.09 ° a 900 
2 
0.130 56.9 56.9 59.0 1.04 49.6 103 2.08 100 
61.0 1.C7 500 
62.0 1.09 900 
0.95 40.0 40.5 40.5 1.00 86.0 108 1.26 100 
41. .01 500 
| 41.5 1.03 900 
1.425 38.4 39.0 38.2 0.98 98.0 110 1.12 100 
| 38.2 0.98 500 
38.6 0.99 900 


by referring to Fig. 21, where the ratios of impulse to 60 ~ volt-. 
ages (impulse ratios) are plotted. The percentage difference is 
not great except for small conductors; part of the difference may 
be due to difficulty in determining the exact starting point. The 
difference increases with decreasing time of application of the 
voltage. A 60 ~ corona curve for a wire in a cylinder is plotted 
in Fig. 19. The variation in the apparent strength of air with 
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the conductor radius at 60 ~ and for a single half cycle sine 
wave 900-kc. impulse is given in Fig. 20. Comparatively small 
time lag should be expected in the first appearance of visual 
corona as it is essentially spark discharge over a short distance 
from wire to space, very similar to sphere spark-over. The 
** spark-over " may be considered as taking place from the con- 


TABLE VII—Continued 
TRANSIENT CORONA AND SPARK-OVER. 
Bar. = 76 ст. t = 25? C. ó = 1. 
Radius Outer Cylinder. R = 3.81 cm. 


Ег 60 ~ | £r 60 ~ | £r im- Kilo- Kilo- 
Wire (|meas.kv.| cal. kv. pulse | Impulse volts volts | Impulse Fre- 
radius | per ст. | рег cm. | kv. per ratio 60 ~ impulse ratio quency 
r max. max. cm. (тах.) lin 10 
0.0129 | 110.0 | 108.0 | 114.0 1.05 32.0 Y 100 
126.0 1.16 68.0 л = 500 
130.0 1.20 Ба 900 
9% 
0.0318 83.0 85.0 88.0 1.03 49.0 33.0 44 100 
89.0 1.05 67.5 9 ° 500 
95.5 1.12 ) 8 900 
e 
0.0573 71.5 72.5 1.01 40.0 35.0 o 5 100 
83.2 1.16 66.0 500 
900 
С.239 50.5 50.5 1.00 33.9 44.7 1.32 100 
56.0 1.11 63.7 .88 500 
103.0 3.05 900 
0.318 47.6 47.6 49.0 1.03 37.9 45.0 1.20 100 
50.0 1.05 64.0 1.70 500 
52.9 1.12 98.0 2.60 900 
0.635 42.2 42.9 43.0 1.00 48.1 50.0 1.04 100 
44.0 1.02 62.0 1.29 500 
45.4 1.06 81.0 1.68 900 
1.270 39.4 39.4 3970 0.99 22.0 55.0 00 100 
40.0 1.01 55.0 57.0 1.04 500 
40.0 1.01 56.0 69.0 1.25 900 


‹ 35 


ductor to space through the “ energy distance ” or rupturing 
distance of 0.3 Vr cm. This is the finite distance over which 
air must be stressed ata gradient of 30 kv per cm. and above 
(6 = 1) before corona can start.® 

6. F. W. Peek, Jr.,—Law of Corona, I, II, III, A. I. E. E., TRANS., 
1911, 1912, 1913. 

F. W. Peek, Jr., Dielectric Phenomena in High Voltage Engineering, 
Chaps. III and IV. 
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The rupturing energy is small. For very small wires, where the 
field is quite irregular, the time lag becomes appreciable. 
For complete spark-over from wire to cylinder considerable 


ES E 16 Eu 0 
ТЕ OF INNER CYLINDER-CM. 


Fic. 18--5РАЕКОУЕК CURVES FOR CONCENTRIC CYLINDERS IN AIR— 
R = 3.81 5 = 1.00 


energy must be expended in forming a cylinder of corona, when 
the field is such that corona precedes spark-over. The phe- 
nomena may be thought of roughly,as a succession of corona break 


KILOVOLTS (МАХ.) 


"RADIUS OF INNER CYLINDER-CM. 
Fic. 19—SiXTY ~, AND TRANSIENT CORONA CURVES FOR CONCENTRIC 
CYLINDERS IN AIR 


downs. The condenser charging current flows through the 
gradually forming corona. With a wire in a cylinder, corona 


R | . 
cannot form when - <e.’ The first evidence of stress is 


7. F. W. Peek, Jr.,—Law of Corona II,—A. I. E. E., Trans. 1913. 
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spark-over. Thus, there should be considerable lag when 


R ; : 
- > € or for small wires, and the impulse spark-over voltage 


should be higher than the 60 ~ spark-over voltage. Data in 


š жишш 
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RADIUS - CM. 
Fic. 20-Сокома GRADIENT CURVES FOR CONCENTRIC CYLINDERS— 
R = 3.81 8- 1.00 


Table VI and Figs. 18 and 19 show this to be the case. The 
exception is for very small wires when the 60 ~ spark-over volt- 
age becomes quite high. This is due to the grading effect of 
corona on the wire enclosed in a cylinder? There is, naturally, 
no such effect on a single impulse. 


— — 
- к 
| 


- ++ Single Half Cycle Sine Wave 
| 
, ` 


w Кс. 
U `Single Half Cycle Sine Wave 


IMPULSE RATIO 
o 


0 02 04 0.6 08 1.0 1.2 1.4 
CONDUCTOR RADIUS- CM. 


Fic. 21—AVERAGE IMPULSE RATIO OF CORONA ON WIRES— 8= 1.00 


The spark-over voltages in Table VI correspond to one spark- 
over in ten impulses. There is very little difference in the volt- 
age for one discharge in a hundred applied impulses and one in 
ten; for ten discharges in ten impulses a considerable increase in 
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voltage is required above that for one discharge in ten impulses 
for some electrodes. This is especially so with dissimilar elec- 
trodes as the difference in spark-over when the wire is + and — 
therrincreases this effect. The range for various gaps is given in 
Table VIII. 

In Table IX are spark voltages (1/10) for the wire, positive 
and negative. Spark-over takes place at a lower voltage when 


TABLE VIII. 
VARIATION IN SPARK DISTANCE WITH CHANGE IN RATIO OF NUMBER ОЕ 
SPARK-OVERS TO NUMBER OF APPLIED IMPULSES 
500 Kilocycles Impulse Sine Wave. e/E = 0.43 = K 


Impulse gap Ratio No. Max. 
Single half | |1------------------- of spark-overs Variation 
cycle applied | to No. of ap- in 60 — 
impulse kv. Spacing Corresponding | plied impulses. kv. setting. 
cm. 60 ~ kv. between 


| 1/10 and 10/10 


— p "s .Ə0%<=. АЉ | ——————9 |. ———————M——— 


25-cm. sphere gap. 


20 0.80 | 20.0 1/10 2% 
20 0.75 19.5 10/10 
40 1.80 40.0 1/10 1% 
40 1.75 39.5 10/10 
80 4.10 80.0 1/10 1% 
80 4.00 79.0 10/10 

2/0 needle gap. 
20 1.17 | 10.5 10/10 
20 1.35 12.0 10/20 22%% 
20 1.60 13.5 4/40 
40 2.70 22.0 20/20 
40 3.00 24.0 10/20 14.7% 
40 3.30 25.8 2/20 
80 5.40 37.0 20/20 
80 5.80 38.5 ` 10/20 8.7% 
80 6.25 40.5 2/20 | 


*Difference decreasing with increasing spacing. 


the wire is positive. The impulses used in this test were ob- 
tained by placing a point and plate at gap A. The generator 
was connected for 500 Кс., but a good impulse was not obtained 
as there was somewhat of an oscillation; the general characteris- 
tics of the + and — discharge are shown, however. The spark- 
over voltages given in Table VI are the minimum ones, and are, 
therefore, for the case when the wire is positive. 
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In appearance, the + and - corona of transients seems to be 
similar to that at 60 ~. The impulse positive visual corona 
from points extends out farther than the negative in the same 


TABLE VIII.—Continued 
CONCENTRIC CYLINDERS. 
R = 3.81 cms. 
500 Kilocycle Impulse Sine Wave. 


Ratio of No. spark- Max. variation in 
Wire radius Impulse kv. overs to No. of ap- | spark-over kv. bet. 
r cm. kv. (max.) | plied impulses. 1/10 and 10/10 
0.0318 67.0 2/20 
83.0 10/20 32% 
99.0 20/20 
0.128 63.5 2.20 
79.0 10/20 30% 
90.5 20/20 
0.239 63.0 1/10 
75.0 | 10/20 26% 
85.3 20/20 
0.635 61.0 2/20 
65.0 10/20 16% 
73.0 19 /20 
1.27 56.0 2/20 
58.2 10/20 7% 
60.3 20/20 
1.59 54.0 2/20 
55.7 10/20 4.5% 
56.5 20/20 | 


900 Kilocycles Impulse Sine Wave 


0.239 105.0 1/10 

0.635 82.0 4/40 20% 
95.0 10/20 
102.0 20/20 

1.27 55.9 2/20 
59.2 10/20 11% 
62.6 20/20 

1.59 54.3 2/20 
57.6 10/20 10% 
61.0 25/25 


manner that it does at 60 ~. This is of great interest; it means 
that with transients, as with steadily applied voltages, a consider- 
able part of the air around points must be brought up to ionic 
saturation, or brushes must form, before spark-over can result. 
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INITIAL IONIZATION 


It was expected that the degree of initial ionization in the 
vicinity of the electrodes would have a considerable effect upon 
the spark-over voltage. This was not found to be the case for 
electrodes in general. The reason was apparent after the corona 
tests were considered. Take, for instance, a small wire in a 
cylinder. Corona must form before spark-over can take place. 
It has been shown that the voltage rise above the continuously 
applied for the first appearance of corona on impulses is small. 


TABLE IX. 
POSITIVE and NEGATIVE SPARK-OVER. 


(Dissimilar Electrodes.) 


Wire in Cylinder. R = 3.81 cm. 

| 
Voltage kv. 

Radius Ум Рег cent | 
ст. wire . difference | 
+ - | 
1.27 57 57 0 | 
0.187 51 58.5 15 | 
0.0318 49.8 60.6 22 | 


Point and Plate. 


Spacing cm. when point is 


5.15 3.05 


Approx.—500 kilocycle wave. 


The time lag of the first appearance of corona is thus small com- 
pared to the time lag of the final spark discharges. The start 
of corona supplies greater “ initial ionization " for the final spark 
than can generally be supplied externally by the action of ultra- 
violet light, X ray, etc. Such external means undoubtedly 
decrease the time for the first appearance of corona. This time 
is, however, generally too small to be detected, except for instance, 
in the case of very small wires. The spark-over in more or 
less uniform fields, as those around spheres, is probably affected 
by initial ionization but the total spark lag is so small that it is 
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difficult to measure. It is probable that the effect of ‘‘ initial 
ionization " can be detected if the voltage is applied very gradu- 
ally (a flat wave) never rising greatly above the continuously applied 
break-down voltage. This particular effect should be more pro- 
nounced where the molecular spacing becomes appreciable com- 
pared to the electrode spacing (at low density). For such a 
condition, the effect may be considerable as the percentage ioniza- 
tion supplied may approach ionic saturation. The chances of ° 
ions appearing between the electrodes is also greater with large 
initial ionization. 

Steep wave front impulse tests were made (6 =1) with red hot 
wire loop electrodes, points and small spheres upon which ultra- 
violet light was directed, small spheres in a tube connected to an 
ozonator, points from which 60 ~ brush discharge took place, 
etc., without appreciable difference in spark-over voltage due to 
these various means of ionization. One striking test may be 
made by setting a point gap at a given voltage and causing an 
oscillation to play continuously across it. If a sphere gap set at 
the same 60 ~ voltage as the point gap, or even at a higher volt- 
age, is suddenly placed in multiple with the point gap, the dis- 
charge will leave the point and take place across the sphere 
gap, although the point was previously ionized by the spark 
discharge. 


EFFEcT OF AIR DENSITY ON TRANSIENT CORONA AND 
SPARK-OVER 


The transient corona and spark-over voltages decrease with 
decreasing air density (from ó = 1.00 to ó = 0.05)8 in much the 
same way as at 60~.° Fig. 22 shows the variation of 60 ~ 
corona and impulse corona (900 kc. and 100 kc.) with air density. 
A small wire is used for illustration as otherwise the curves 
practically fall together. It is probable that the apparent in- 


8. 3.925 
273 +1 
where b = barometric pressure in cm. 
t = temperature degrees centigrade. 


6 is the relative air density as a fraction of the density at 76 cm. pressure 
and 25 deg. cent. 
where Ó = 1. 
9. For method of test see Law of Corona III, F. W. Peck, Jr., TRANS. 
A. I. E. Е., 1913. | 
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KILOVOLTS (MAX.) 


| L an т Согопа a 
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06 
OAR DENSITY 
Fic. 22—VARIATION OF VISUAL CRITICAL CORONA VOLTAGE WITH AIR 
DENSITY—WIRE Rapius = 0.0573 CM. 
TABLE Х. 


EFFECT OF AIR DENSITY ON TRANSIENT CORONA AND SPARK-OVER 
Concentric Cylinders! 


Outer cylinder radius, R = 3.08. Innercylinder,r = 0 0573 cm. 


Corona Spark-over 

Single 

Meas Cal. half 

60 ~ 60 ~ | Impulse | Impulse 60 ~ | Impulse | Impulse sine 

kv. kv. kv. ratio Š kv. kv. ratio Š freq. 

max. max. max. max. max. kilo- 

cycles 

2.8 2.75 3.5 1.27 10.7 . 0.064] 100 
4.8 4.80 5.5 1.15 13.0 1.86 0.160 4 
6.0 5.95 6.65 1.13 15.5 1.67 0.248 “ 
7.6 7.57 8.4 1.10 17.5 1.59 0.330 * 
11.6 11.60 12.7 1.09 27.3 1.65 0.030 B 
14.4 14.40 15.5 1.07 30.2 1.50 0.847 s 
16.2 16.20 17.2 1.06 31.9 1.42 1.000 * 
2.0 2.58 4.0 1.55 d 28.5 FIT 0.040| 900 
4.8 4.86 6.5 1.34 0.166| 5.0 31.0 6.2 0.085 5 
7.6 7.60 10.1 1.32 0.333] 7.5 37.0 4.94 0.173 b 
9.5 9.50 12.1 1.28 0.465} 13.3 47.0 3.54 0.440 я 
13.5 13.30 16.3 1.23 0.765| 15.8 53.0 3.35 0.590 ы 
16.2 16.20 20.0 1.2 1.00 | 18.8 60.0 3.19 0.765 Е 
22.5 67.5 3.00 1.00 s 


1. Tests made in a metal lined glass tube. 
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crease in the strength of air for transients may be taken care of 

in the law for the visual gradient as follows. 
0.308 

У ó r (а) 


When о/ is the steepness of the impulse. The impulse ratio in- 
creases with decreasing air density. See Table X. 


e = 5 (1+ )% 9 а 


TABLE X—Continued 


Corona Spark-over. 
Impulse Single 
Meas. Cal. Impulse?! ratio 60 ~ Impulse half 
60 ~ 60 ~ kv. mea- 6 тах. |Impulse| ratio é sine 
Ку. Ку. тах. | max. sured meas. kv. meas. kilo- 
тах. |771 = 94 values. ) values. cycles. 


Out cylinder radius, R = 3.08 cm. Inner cylinder, r = 0.635 cm. 


7.3 7.7 8.5 1.16 10.127 7.3 8.5 1.16 0.127 100 
13.0 13.0 14.9 1.14 10.253 | 13.0 14.9 1.14 0.253 “ 
15.0 15.3 16.6 1.11 10.309 | 15.0 16.6 1.11 0.309 ы 
17.0 16.8 18.3 1.08 |0.350 | 17.0 18 3 1.08 0.350 a 
24.0 23.8 24.5 1.02 10.535 | 24.0 24.5 1.02 0.535 6 
29.0 29.0 28.9 1.00 |0.702 | 29.0 28.9 1.00 0.702 « 
34.5 35.5 34.5 1.00 10.863 | 34.5 34.5 1.00 0.863 s 
39.0 40.3 40.5 1.03 11.002 | 39.0 40.5 1.03 1.002 ы 
Outer Cylinder radius, R = 3.08 cm. Inner Cylinder, r = 0.635 cm. 
3.5 3.9 8.6 2.46 0.049} 3.5 20.3 5.80 0.049] 900 
9.0 9.8 11.9 1.31 0.165] 9.0 25.0 2.78 0.165 “ 
14.0 14.1 17.3 1.23 0.280| 14.0 30.5 2.18 0.280 « 
21.2 21.2 22.5 1.07 0.462] 21.3 37 6 1.77 0.462 2 
26.2 26.3 28.0 1.06 0.604} 26.0 43.5 1.67 0.604 2 
32.0 32.2 35.6 1.01 0.773| 32.0 48.5 1.52 0.773 a 
39.0 40.3 40.2 1.00 1.00 | 39.0 52.5 1.34 1.00 s 
2. Corona and spark-over practically coincident. 6 = Relative air density. 
3.92 b 
273 +! 


3. Measured 60 ~ corona values were used in determining the impulse ratio. The cal- 
culated values are only approximate as it was difficult to exactly center the 0.635 cm. rod. 


The 60 ~ and impulse spark-over voltages for a wire in a cylin- 
der are shown in Fig. 23. The data are given in Table X. The 
impulse ratio for spark-over increases with decreasing pressure. 

opark-over-air density data for needle gaps are given in Table 
XI. It is difficult to get consistent results with needle gaps 
enclosed in a tube on account of the corona before spark-over. 
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Spark-over-air density curves for sphere gaps are given in 
Figs. 24 and 25. The impulse curves follow closely the 60 ~ 
curves. The impulse ratio is very nearly unity over a great 
range of 6. Spheres, therefore, within the limit prescribed for 


8 


š 
IMPULSE RATIO 


KILOVOLTS (MAX.) 
Š 


0.4 .6 
é AIR DENSITY 


Fic. 23—VARIATION OF SPARKOVER WITH AIR DENSITY WIRE IN CYLIN- 
DERS — R = 3.08 см.-” = 0.0573 см. 


TABLE XI. | 
EFFECT OF AIR DENSITY ON TRANSIENT SPARK-OVER BE TWEEN 
NEEDLES.! 
Spacing cm. Impulse kv. | 60 ~ kv. Impulse! | Single half sine 
3 max. max. ratio kilocycles 
5 cm 1.00 102.0 54.0 1.89 500 
ш 0.85 99.0 53.5 1.85 a 
Б 0.74 94.5 53.0 1.78 Ж 
ч 0.66 90.0 52.5 1.72 ш 
z 0.50 77.5 51.0 1.52 е 
= 0.38 64.2 49.2 1.31 " 
x 0.27 48.7 48.0 1.01 т 
“ р.16 33.8 45.0 0.76 s 
7 0.05 14.2 Е 
3 ст 0.16 15.8 22.2 0.71 500 
а 0.44 35.7 30.5 1.17 2 
* 0.64 43.7 32.5 1.34 š 
а 0.74 48.0 33.5 1.43 * 
Ё 0.79 50.0 33.8 1.48 * 
Б 1.00 54.0 34.0 1.58 6 


Tests made іп glass tube. 
1. These results are quite erratic, probably due to the effect of the brushes playing on 
the enclosing walls of the glass cylinder. For this reason accuracy is not claimed. 


testing may be used to measure transient voltages over a wide 
a and 6 range without correction to the 60 ~ curve.’ It is 
10. For method of obtaining low air density see “ Effect of Altitude 


on the Spark-over of Leads, Insulators and Bushings.” Е. W. Peek, Jr., 
A. I. E. E. Proc., Dec. 1914. 
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probable that the expression for apparent strength of air around 
spheres should be modified for transient voltages as follows: 


.54 
= &8(1+ ет) $ (=) (13) 
60925 
& 20 
PERT 
210 
z 40 
= ee 
J 225 іне 
кое Сеоне 


= И ВЯ ВН 
ШАШ ШШ ЕИ ЕН 
ELT IE T | 
0 02 OA KZ 08 10 


Fic. 24—SPARKOVER OF 2.54 cM. SPHERES AT Low AIR DENSITIES— 
SPACING = 1.27 CM. 


10 


ф (o) has, however, no appreciable effect over the practical 
testing range. 

The variation of the spark-over voltage of insulators with air 

density is shown in Figs. 26, 27 and 28. For a smooth insulator 


" Coy 
120 ШЕЯ Impulse Test (200 Ke.) 

Š h mamana 

Š 100 10 

o @ 

J 0.9 

5 © 
60 


0.8 
6 RELATIVE DENSITY 


Fic. 25—SixTY CYCLE AND IMPULSE ARCOVER AT Low AIR DENSITIES 
12.5 см. SPHERES—GAP = 7.6 СМ. 


(Fig. 26) the impulse ratio is very nearly unity and does not 
change over the practical range. For insulators with petticoats 
and corrugations, the impulse ratio is high and increases with 
decreasing air density. 
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From a consideration of the above data it is seen that the 
transient spark-over impulse ratio does not change greatly with 
air density, where the field is fairly uniform so that corona does 
not precede spark-over. Where the field is such that it is neces- 
sary for corona to form in the path of the arc, the impulse ratio 


140 


120 


KILOVOLTS ARCOVER 


Q 0.2 0.4 06 0.8 
6 RELATIVE DENSITY 


° 
FiG. 26—SIXTY-CYCLE AND [MPULSE ARCOVER AT LOW AIR DENSITIES 


becomes considerably higher at low air densities than it is at 
high air densities. The corona impulse ratio increases with 
decreasing air density; for large wires it is only appreciable for 
small values of ó; it may be considerable for small wires. The 
difference between the 60 ~ and impulse spark-over and corona 


KILOVOLTS ARCOVER 


0.4 0.6 08 1.0 
6 RELATIVE DENSITY 


Fic. 27—SixTY-CYCLE AND IMPULSE ARCOVER AT Low AIR DENSITIES 


voltages always increases with decreasing time of application. 

The density tests shown in Figs. 22, 23 and 24, were made in 
glass tubes. The tubes were “aired out” after each test. 
It did not, however, seem to make any considerable difference 
whether or not this was done. At lower air densities this may 
make considerable difference, as the initial ionization may then 
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become a large percentage of ionic saturation. The chance of 
ions getting between the electrodes also depends upon the initial 
ionization. The tests shown in Figs. 25, 26, 27 and 28 were 
made in a large wooden cask. 


IMPULSE SURFACE SPARK-OVER—IMPULSE SPARK-OVER OF 
INSULATORS 


If a dielectric, such as glass or porcelain, is placed between 
electrodes, arcs due to impulse voltages generally follow the 
surface. For smooth dielectrics the impulse ratio is nearly 
unity, even when the surface is fairly long and the fields not uni- 
form. This is illustrated in a practical way in Fig. 26. 

Where the surface has corrugations, petticoats, etc., the arc, 
generally, still follows the surface. The impulse ratio is, how- 


KILOVOLTS ARCOVER 


04 0.6 0.8 
С RELATIVE DENSITY 
Fic. 28—S4xTY-CYCLE AND IMPULSE ARCOVER AT LOW AIR DENSITIES 


ever, higher, that is, greater time is required to cause spark over. 
See Figs. 27 and 28. For the insulator shown in Fig. 28 the 
impulse ratio at ó = 1 (sea level) is 1.44. Тһе 60 ~ spark-over 
voltage is 100 kv.; the impulse spark-over voltage is 144 kv. 
At ó = 0.8 (6000 ft. elevation) the impulse ratio is 1.75. 

The time of spark increases when the field is such that corona 
must form in the path of the arc and when the length of surface 
is increased by corrugation. 

As would be expected, the spark-over voltage of a given insu- 
lator varies with the polarity of the cap or pin. The test made 
on a pin type insulator’and given in Table XII illustrates this. 

Note that the 1/10 spark-over voltage corresponds to the (+) 
spark-over, and the 10/10 to the ( —) spark-over. This would be 
expected. Impulse spark-over generally takes place at the 
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lowest voltage, or in the shortest time, when the electrode 
which is surrounded by the densest field is (+). In the above 
case, the porcelain is subjected to greater stress when the cap 


is (—). 


TABLE XII. 
EFFECT OF POLARITY ON INSULATOR SPARK-OVERS. 
200 kc. 
60 ~ Impulse spark-over kv. Impulse spark-over kv. 
spark-over kv. varying polarity predetermined polarity. 
max. max. max. 
Cap + Cap — 
98 1 spark over in 108 108 
10 impulses 
10 spark overs in 130 _ 134 


10 impulses 


When a surface is placed between electrodes in a uniform field, 
or along a line of force, the 60 ~ spark-over voltage is lowered 
by true surface leakage. This is not generally the case with 
impulse voltages. The impulse spark-over voltage of an insula- 
tor is often not greatly changed by rain, although the wet 60 ~ 


TABLE XIII. 
IMPULSE SPARK-OVER OF SUSPENSION INSULATORS WET AND DRY. 


60 ~ arc-over 100 kc. impulse 500 kc. impulse 
Ins Type ----------- 
Мо. (max.) arc-over arc-over 
Dry Wet Dry Wet Dry Wet 
A Two piece sus- 112 72 118 114 165 162 
pension with pet- 
ticoats. 
B Two piece sus 116 70 128 125 172 168 
ipension with pet- 


coe | 
| 


spark-over voltage may be 60 per cent of the dry spark-over 
voltage. See Table XIII. 


SMALL SPACINGS OR AIR FILMS 


At spacings smaller than the energy distance the apparent 
strength of air increases. For sphere gaps this apparent increase 
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in the strength of air starts when the spacing is less than 0.54 
VR cm." The apparent strength of air at small spacings also 
increases for transient voltages; the increase, however, seems to 
be at a greater rate, as shown in Fig. 29, by the more rapid rise 
іп the gradient with decreasing spacing. Data are given in Table 
XIV. The apparent strengths at 60 ~ and for impulses are 
represented by the corresponding tabulated gradients. These 
are the maximum gradients at the surface of the spheres. 
The impulse ratio is also tabulated. The low impulse voltages 
were obtained by connecting the gap across only part of the 
resistance. The results should be fairly accurate. 


GRADIENT KV/CM. (MAX.) 


1.6 2.0 2.4 28 


712 
SPACING- CM. 
Fic. 29—STRENGTH OF AIR FiLMs— BETWEEN 6.25 cM. DIAMETER 
SPHERES; ё = 1 


EFFECT OF TRANSIENT VOLTAGES ON OIL 


It has been shown that for continuously applied voltages the 
mechanism of break-down in oil is very similar to that of air, 
and similar laws are obeyed.'? Greater energy is required, how- 


11. F. W. Peek, Jr..—Law of Corona III., A. I. E. E., Trans 1913. 

12. F. W. Peek. Jr..—High Voltage Engineering, Journal, Franklin 
Institute—December, 1914. 

F. W. Peek, Jr.,—'' Dielectric Phenomena in High Voltage Engineer- 
ing ” Chapter 6, page 163. 

F. W. Peek, Jr.,——Law of Spark-over and “ Corona "іп Oil. General 
Electric Review— August, 1915. 
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ever, to rupture oil than air. There should, therefore, be a 
comparatively greater difference between the continuously 
applied and impulse voltages, that is, the impulse ratios should 
be higher than for air. 


IMPULSE RaTIOS IN OIL 


In Table XV are 60 ~ and impulse spark-over voltages for 
disks, needles and spheres. In part of these tests the wave was 
only approximately known; on account of the high voltages 
necessary it was outside of the limits of the apparatus. It was 


TABLE XIV. 
TRANSIENT SPARK-OVER VOLTAGES AT SMALL SPACINGS. 


(Between 6.25 cm. diameter spheres. ё = 1.) 


60 ~ 100 kc. impulse 900 kc. impulse 
Spark-over 
Spacing Volts Gradient Gradient Gradient 
cm. max. max. Volts. | kv. per | Impulse| Volts kv. per | Impulse 
kv. kv.percm.| kv. cm. ratio kv. cm. ratio 


— ——— | — лын. —— r | — V | —— n | ——— | — s PI—F — | —— 


0.0025 0.50 196 0.78 305.0 1.57 0.81 325.0 1.64 
0.0051 0.73 143 1.23 242.0 1.69 1.10 216.0 1.51 
0.0076 0.90 118 1.70 212.0 1.80 1.78 235 0 1.98 
0.0102 1.07 105 2.11 207.0 1.98 2.18 215.0 2.04 
0.0127 1.17 92 2.34 192.0 2.08 2.55 200.0 2.18 
0.025 1.52 60 4.50 178.0 2.95 5.00 198.0 3.04 
0.051 2.62 52 6.15 122.0 2.35 8.50 168.0 3.25 
0.102 4.62 46 8.75 87.0 1.90 12.80 126.0 2.77 
0.25 9.77 40 14.90 61.0 1.52 21.50 84.1 2.20 
0.51 17.50 36 22.50 46.0 1.28 28.50 56.0 1. 63 
1.27 39.20 35 42.00 37.0 1.06 37.00 37.0 1.20 
1.90 57.50 35 57.50 35.0 1.00 62.50 36.0 1.09 
2.54 88.50 35 88.50 35.0 1.00 90 00 35.0 1.02 


Accuracy of impulse voltages best above 5 kv. 


approximately equivalent to a half cycle of a 230 kc. wave. 
Between disks 0.5 cm. apart the impulse ratio is 3, whereas in 
air it is very nearly unity for the same spacing. Between needles 
at 4-cm. spacing, the impulse ratio is 3. For the same spacing 
and same impulse in air it is 1.25, that is, the voltage rise in oil 
is 200 per cent, in air 25 per cent. It will be noted that there 
is a considcrable increase in voltage, or a high impulse ratio, for 
spheres. For sphere gaps in air the impulse ratio increases when 
the spacing is less than 0.54 V R cm.; the increase is quite rapid 
when the spacing is less than 0.27 VR cm. In oil the “ energy 
distance " or rupturing distance is 2 VR cm. А considerable 
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increase should, therefore, be expected in oil when the spacing 
is limited to less than 4 VR cm. as was the case in this test. 
It is probable that the impulse ratio is quite appreciable for ` 


TABLE XV. 
IMPULSE AND 60 ~ BREAK-DOWN VOLTAGES IN OIL. 


Spacing 60 ~ Impulse Impulse same spacing 


sss | so | ser | мш [gas] , Impulse ratio 
cm. kv. max. kv. max. ratio oil in air. 


0.5 | 566 | 170 | 3.00 | Қ? |Арргох. 230 ke. 


Between Needles. 


50 103 2.00 . 

69 157 2.20 1.20 Approx. 230 kc. 
233 2.60 1.21 

108 321 3.00 1.25 


2.54 Spheres—Small Spacings. 
Spacing less than 4 v R.) 


к» ` 
oc 
© 


ia. 
Between disks 2.5 cm. diameter 


0.25 70 160 2.30 5 
0.50 100 245 2.45 “is Approx. 230 ke. 
0.70 115 270 2.35 ds 
1.00 i 1.00 ! 140 | 285 | 205 || 285 2.05 
TABLE XV—Continued 
I MPULSE AND 60 — BREAK-DOWN VOLTAGES IN OIL. 
: | Between 2/0 Needles. 
Needle 60 ~ spark-over Impulse Impulse f 
spacing cm. kv. (max.) kv. ratio 
0.32 28.0 36.5 1.30 100 kc. 
0.64 40.0 70.0 1.75 (single half sine 
1.27 63.0 128.5 2.04 wave.) 
1.70 74.0 175.0 2.37 
2.00 81.0 
3.00 104.0 
| 0.20 20.0 36.0 1.80 500 kc. 
0.32 28.0 64.0 2.30 (single 
0.42 31.5 92.0 2.92 half sine 
0.56 37 0 121.5 3.29 (wave.) 


sphere gaps in oil even when the spacing is not limited. 
Results are also given, at somewhat lower voltages, where the 
waves are accurately known. See Fig. 30. Higher break-down 
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voltages for impulses result partly because moisture particles 
do not have time to line up. 


COMPARISON OF THE EFFECTS OF HIGH FREQUENCY, 60 ~ 
AND IMPULSE VOLTAGES 


` It is interesting to compare the effect on oil for continuously 
applied voltage (60~), high-frequency voltage from an alternator, 
high-frequency oscillatory voltages, and single impulse voltages. 
Such a comparison is given in Table XVI. "These data show how 
necessary it is to state the kind of “ high frequency." There is 
not a great difference in the breakdown voltage for the single 


27162012525: 
Fae РАН 


IMPULSE RATIO 
N 
>. 


KILOVOLTS (MAX.) 
3 


0 0.4 08 ЖӘНЕН EUM 24 
GAP SETTING- CM. 


Fic. 30— TRANSIENT SPARK-OVER OF 2/0 NEEDLES IN No. 6 TRANSIL 
Оп.; TEMPERATURE 25 DEG. CENT. 


impulse, and for the damped oscillation with wave trains follow- 
ing one another at the rate of 120 per second. The break-down 
voltage for continuously applied high frequency from an alter- 
nator is much lower than the 60 ~ break-down voltage. Herethe 
effect of each half cycle is cumulative, and there is great local 
heating. 


EFFECT OF TRANSIENT VOLTAGES ON SOLID INSULATION 


STRENGTH VS. TIME OF APPLICATION 


In air and oil there is very little loss for continuously applied 
direct current or 60 ~ alternating current, until the gradient 
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is somewhere high enough to cause a local break-down 1n the 
form of corona or brushes. As heating due to losses 1s not an 
important factor the 60 ~ (max.) and 4-с. break-down voltages 
are practically the same. For air, even at fairly high frequencies, 
the break-down voltage is not appreciably changed if the elec- 
trodes are smooth.” There is appreciable loss in solid insulation 
as soon as voltage is applicd. Heating decreases the dielectric 
strength. A considerable part of the voltage-time curve is thus 
greatly affected by heating, especially at high frequency. 

The data in Table XVII give an example of a voltage-time 
curve. See Fig. 31. The values from “ infinite " time to 1/100 
second were obtained at 60 ~. The data for the smaller values 
of time were obtained by impulse. It is probable that heating 


TABLE XVI. 


COMPARATIVE STRENGTH OF OIL FOR HIGH FREQUENCY, IMPULSE, 
OSCILLATORY, AND 60 CYCLE VOLTAGES 


(Transil oil between flat disk terminals, square edges. 2.5 cm. diameter 
dia.; 0.25 cm. space.) 
Break-down Gradients. 


Single impulse sine | Damped oscillations | High-frequency al- 
shape corresponding | train frequency 120 | ternator 90 kilo- 


60 cycle kv. per cm. 
to 200 kilocycles. per second. Fre- cycles. 


max. 
Ку. рег ст. тах. | ачепсу 200 kilocycles'! kv. per ст. тах. 
kv. per cm. max. 
170 390 300 67. 


is not an appreciable factor for values of time less than 60 seconds, 
on the 60 ~ test. 

The general law (14) is followed by all solid insulations for 
low-frequency sine wave voltages and time of application from 
o time to about 1/100 of a second. When voltages are ap- 
plied for shorter time, by impulse, the apparent strength docs 
not increase as rapidly with decreasing time, as equation (14) 
and Fig. 31 indicate. The small time limit depends upon the 
insulation. This seems to be due to the shattering effect of 
high over-voltages. When very high impulse voltages are 
applied, for instance, to porcelain tubes, these tubes may be 
completely shattered. [Equation (14) is, however, useful in 
design at low frequencies over the above range. It should be 

13. For a more complete discussion see, F. W. Peck, Jr.,—Diclectric 
Phenomena іп High Voltage Engineering. Chapters III, IV, УІ and VII. 
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noted that Тіп seconds times frequency 15 a count of the num- 
ber of cycles that the voltage is applied. 


g = g, (1 + vr) kv. per cm. max mum. (14) 
Where g — rupturing gradient. 
g. = constant for the insulation = break-down gradient 
for time. 
а = constant of insulation. 
T = time in micro-seconds. | 
Both g, and a vary with the material, thickness tem- 
perature, etc.14 


TABLE XVII. 
STRENGTH vs. TIME OF APPLICATION. 


Time Maximum ‘Maximum 
! scc, Micro-seconds | kilovolt puncture. Ke kv. per cm. 
i | | 
| 

ж © | 32.8 155 

60 60 000 000 | 37.5 180 

1 1 000 000 | 49.3 235 

0.1 100 000 61.0 290 

0.01 10 000 85.0 405 

0.001 1 000 | 113.0 540 
| 0.0001 100 | 196% 935* | 
| 0.00001 10 310% 1480% 
| 


14 laycrs of impregnated paper between concentric cylinders. R = 0.67 cm. r = 


0.36 сіп. 
е 
Bw R 
r log, г 


*Calculated. 


For the insulation given in Table XVII, 
g. = 155 
a = 15.8 


EFFECT OF TRANSIENT, HIGH FREQUENCY AND 60 CYCLE 
VOLTAGES 


There is a greater difference in the break-down voltages of 
solid insulations under different conditions, than for oil and air. 
This is so because of the high losses, etc., in solid insulation." 


14. For а more complete discussion see, F. W. Peek, ]тг.,— Dielectric 
Phenomena in High Voltage Engineering.” Chapter VII. 
15. ibid. 
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This difference is illustrated in Table XVIII. The impulse 
ratio for solid insulations seems to be of the same order as for 
oil, but in general slightly higher. The “ опе minute " 60 ~ 
test is used to obtain the impulse ratios in Table XVIII. The 
importance of specifying the sort of “high frequency” and meth- 
od in making tests is obvious. 


CUMULATIVE EFFECT OF OVER-VOLTAGES OF STEEP WAVE FRONT 


If impulse voltages higher than the continuously applied break- 
down voltages are applied to oil and air, local ruptures which do 


For values of time greater than 0.01 Sec. tests made 


Points measured values 
Curve calculated from 


| Plotted lnganthmically to obtain eqation 


50 Micro-Sec. — 
135 Micro-Sec. 


0 4 8 12 16 
loge TIME MICRO-SECONDS 


Fic. 31—PUNCTURE VOLTAGE Vs. TIME 


14 layers of impregnated paper between concentric cylinders. K = 0.67 cm. r= 0.36 ст 


not result in break-down may take place. The local break-down 
is automatically repaired by an inflow of new oil or air; the effects 
of the impulses are not cumulative unless theyfollow one another 
in succession at a very rapid rate, as high frequency from an al- 
ternator, or oscillations with high wave train frequency. 

Voltages greatly in excess of the 60 ~ puncture voltage may 
also be applied to solid insulation without complete rupture if 
the time of application is of sufficiently short duration. Such 
voltages injure the insulation by local shattering, cracking or 
tearing. Each additional impulse adds to this. For a very 
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high over-voltage such materials as porcelain may be badly 
shattered by a single impulse. A sufficient number will cause 
break-down; the effect is cumulative even if the time intervals 


TABLE XVIII. 


COMPARATIVE INSULATION STRENGTH FOR HIGH FREQUENCY, IMPULSE, 
OSCILLATION AND 60 CYCLE VOLTAGES. 


Temperature 30 deg. cent. 


| | 
Damped oscilla- | Single impulse| 
High frequency |tion. Train freq. | sine shape, cor-| Imp. | Thick 


60 cycles. (alternator) 120 sec. responding to | ratio | ness | Lay- 
90,000 cycles. 200,000 cycles. | half cycle of cm. ers. 
| 200,000 cy. 
kv. per cm kv. per cm. kv. per cm kv. per cm 
(max.) (max.) (max.) (max.) 
— Rapidly! Rapidly 
ly ap- | 1 min.|applied.| | тіп. {applied | 1 min. 
plied. | 
Transil Oil between Flat Terminals—Square Edge. 
2.5 ст. diameter—0.25 cm. space. 
| | 
170 | 67. | 300 390 2.10 Ші 1 


Oiled Pressboard. 
10 cm. diameter Square Edge Disks in Oil. 


72.0 | 370. 290. 


355.0} 310. 05.0 720 2.3 | 0.25 1 
395.0] 370. 61.0 41.0 | 420. 240. As | 0.50| 2 
25.0 | 17.60 | | | 1.50] 3 
Varnished Cioth. 
10 cm. diameter Square Edge Disks in Oil. 
530. 465.0! 195.0 176 0 "» i 1080. 2.26) 0.06; 2 
420. 310.0} 135.0! 100.0 550 560 780. 2.50) 0.15| 5 
420. 310.0! 100.0 73.0 490 410 700. 2.25| 0.25| 8 
330. 275.0 E. is 410 305 600. 2.20| 0.36| 12 


"Rapidly applied " voltage brought to puncture value іп a few seconds. 


between applications are. very great. For continuously ap- 
plied high frequency or high train frequency, the high loss 
masks all other effects and causes low voltage break-down. 
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One example of the cumulative effect of impulses with long time 
intervals between applications is given in Table XIX. If the 
impulses are of still shorter duration a greater number are re- 
quired to cause break-down at a given voltage. Insulations 
and line insulators are often gradually destroyed in this way. 


TABLE XIX. 
CUMULATIVE EFFECT OF OVER-VOLTAGES OF STEEP WAVE FRONT 
VOLTAGES ON SOLID INSULATIONS. 
(Oiled pressboard 0.32 cm. thick between parallel plates 100 kc. sine impuise.) 


Kv. maximum of Number to cause 
applied impulse. break-down. 
100 © 
140 100 
150 16 
155 2 
165 1 


Rapidly applied break-down at 60 ~ 100 kv. max. 


If a very high voltage is applied, for instance, to a line insula- 
tor the number of applications to cause break-down will depend 
upon the nature of the arc-over path through the air, and the 
shapes of the caps and pin. То imitate this place a piece of oil 
pressboard between flat disks and find the number oí high voltage 
impulses to cause puncture when the 
electrodes are shunted, (1) by a needle 
air gap, (2) by a sphere air gap, set at 
the same 60 ~ voltages. See Fig. 32. 
These data show in a striking way the 
relatively small lag of the sphere. When 
the electrodes were shunted by a sphere, 
break-down did not take place in 300 
applications; when shunted by points 
with the same 60 ~ setting as the 

Short Gap spheres, break-down occurred on a single 
Fic. 32 application. 


SOME PRACTICAL ILLUSTRATIONS 


In practise, lightning often discharges across a large spacing 
between bus bars, line insulators, etc., in preference to gaps which 
have a much lower 60 ~ setting. The reason for this is now 
apparent. As an example, a flat bus bar has a 60 ~ spark-over 
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voltage of 100 kv., whileZa point gap, shunting it, hasa 60 ~ 
spark-over voltage of 50 kv. If the 60 ~ voltage is gradually 
increased to 50 kv. an arc-over will take place across the points. 
If, however, lightning causes the voltage to increase along a 
wave equivalent to a single half cycle of a 900 kc. wave with a 
120 kv. maximum voltage, spark-over will occur across the bus- 
bars. This can be seen by reference to Fig. 10 or by calculation 
from equation (8). The point gap impulse spark-over voltage, 
for a 60 ~ setting of 50 kv., is 127 kv. The field is approxi- 
mately uniform around the bus bars, and the spark-over voltage 
remains at approximately 100 kv. The points must be subjected 
to the voltage during the time that it increases from 50 
kv.,to 127 kv. The points are “ slow." Thus, the 60 ~ spark- 
over voltage does not in general indicate the transient spark- 


TABLE XX. 
CUMULATIVE EFFECT OF IMPULSES. 


Insulation between electrodes and shunted by gap, as in Fig. 32. Approx. 230 kc. impulse. 
Pressboard 0.32 ст. thick. 60 ~ puncture voltage 100 kv. max. Single impulse puncture 
voltage 140 kv. max. 


Shunt across Impulse applied 60 ~ setting of Number of impulses 
electrodes. max. kv. shunt gap (max.) to puncture. 
No shunt..... .... | 350 i 
Хо spark-over...... | 
Blunt points.......... 350 120 * 1 
ӛрһегев..... ........ 350 120 300 no puncture 


over. Two gaps may be set at widely different 60 ~ voltages. 
A transient voltage high enough to spark-over cither gap will 
select the one set at the highest voltage if that gap requires the 
least time under the circumstances. 

Lightning travels along a transmission line at the rate of 3 108 
meters per second. Thus a wave onc kilometer in length passes 
a given point in 3.3 X 1076 seconds or in 3.3 micro-seconds. By 
referring to Fig. 12 it can be seen that a wave of the above length 
might easily pass by a necdle gap before discharge could take 
place. An insulator similar to the one shown in Fig. 26 would 
readily arc-over if the voltage were high enough. Corona would 
also form on the transmission line due to this wave and would 
help dissipate it to some extent. Damage might be done to line 
insulators as illustrated in Tables XIX and XX. 

Various other practical applications of these data may be made. 
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THE GENERAL LAWS OFBREAK-DOWN OF DIELECTRICS BY 
TRANSIENT VOLTAGES | 


AIR AND OTHER GASEOUS DIELECTRICS 


Energy is required to rupture dielectrics; this introduces a 
time lag. Thus, on account of this time lag, when voltage is 
applied at a very rapid rate, as by an impulse, spark-over does 
not occur when the continuously applied breakdown voltage 1s 
reached. The voltage “ overshoots " this value during the time 
rupture is taking place. This excess, or risc, in voltage 1s greater 
the greater the rate of application. 

If the voltage between electrodes 1s increased very gradually, 
never appreciably exceeding the minimum break-down voltage, 
a very long time may elapse before break-down occurs. If the 
field is fairly uniform a slight change in the conditions as initial 
ionization, or very small increase in voltage, may reduce this 
time from “infinite " to small finite time. The rise in voltage 
is not generally measurable for continuously applied voltages and 
the lag is, therefore, not noticed. The energy to rupture and, 
therefore, the required voltage rise and time depend upon the 
nature of the dielectric, the dielectric field, the shape and spacing 
of the electrodes, initial ionization, the rate at which the voltage 
is applied, etc., as follows: For formulas see text above. 

1. If an impulse voltage rising at a given definite rate is applied 
between two electrodes spark-over will not take place when this 
voltage reaches the minimum continuously applied break-down 
voltage, but a fimte time later. During this time the voltage 
has fisen to some higher value before spark-over occurs. The 
ratio of the impulse spark-over voltage to the continuously ap- 
plied spark-over voltage is termed the “ impulse ratio ”; the time 
interval between these voltages has been termed the “ lag.” 

2. For a given rate of increase of voltage the rise above the 
continuously applied and, therefore, the impulse ratio and lag, 
is greater, the greater the non-uniformity of the field around the 
electrodes. For greatly non-uniform fields corona must always 
form in a space around the electrodes before spark-over can take 
place; energy must be expended іп ionizing this space before the 
spark starts. For uniform and fairly uniform fields spark-over 
takes place without preliminary corona formation. For elec- 
trodes in general, non-uniformity of the field increases with 
spacing. Impulse ratio and lag, therefore, also increase with in- 
creasing spacing. In illustration of the above: for a given steep 
wave the lag of a needle gap may be so great that double the 
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continuously applicd voltage is reached before spark-over occurs; 
the lag of a sphere is comparatively so small that the rise in volt- 
age may be only one or two per cent. 

3. For a given gap the rise, or excess, in the impulse spark- 
over voltage above the continuously applied voltage increases 
with the rate of application of the voltage. For the steeper 
wave fronts the break-down voltages are higher, but the time 
lag is less; less time is required to cause break-down at the higher 
average voltages. If the impulse is not steep the voltage rise 
is not great, but the lag may be comparatively long. The lag 
and voltage rise for a given gap are thus not constant but are depend- . 
ent upon the rate of application of voltage; break-down is a matter 
of energy. If the rate of increase of voltage is great enough spark- 
over tends to be governed by linear spacing. 

4. Corona is essentially spark-over from a conductor to space 
through the energy distance. (0.3Vr cm. for wire.) The lag 
of corona for impulse is thus small for large wires and in the order 
of that of sphere spark-over; for small wires, on account of the 
great non-uniformity of the field, the corona lag becomes ap- 
preciable and apparent by a rise in the impulse critical voltage. 

5. Whether the degree of initial ionization in general measur- 
ably changes the rise in the impulse spark-over voltage over 
the continuously applied spark-over voltage for a given pair of 
electrodes seems to depend, to a great extent, upon whether 
the corona lag is measurable or apparent by a rise in voltage. 
Usually the corona lag is not measurable or appreciable com- 
pared to the lag of the final spark-over. Corona once formed 
supplies the initial ‘‘ ionization ” for the final spark. The effect 
of initial ionization is then generally not great, but may be so 
under certain conditions. 

6. Impulse spark-over and corona voltages decrease with de- 
creasing air desnity. The impulse ratio, however, increases 
with decreasing air density. It is probable that at very low 
air densities very high voltages are required to cause spark-over. 

7. For dissimilar electrodes impulse spark-over takes place 
at the lowest voltage when the electrode in the densest field 
is positive. Corona appears to start at the lowest voltage on 
a small wire when the wire is negative. For uniform and fairly 
uniform fields a difference between + and — rupturing volt- 
ages cannot be detected. 

8. When the spacing is less than the energy distance, 0.54 V/ R 
cm. for spheres) the lag increases. 
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9. The lag for spark-over on smooth diclectric surfaces 1s 
very small, but becomes greater as corrugations are added. 
The transient arc-over voltage is less affected by truc surface 
“ leakage " than the 60 ~ arc-over voltage. 


OIL AND Liovip INSULATIONS 


The transient break-down voltages for oil follow much the 
same laws given above for air. The energy and, therefore, the 
impulse ratio and lag are much larger for gaps in oil. The 
impulse ratio and lag are quite large for spheres. As the energy 
distance for spheres in oil is 4VR, considerable lag is caused іп 
this way even at fairly large spacings. For formulas see text. 


SOLID DIELECTRICS 


1. Solid dielectrics require energy, and therefore, finite time 
for break down as do oil and air. The impulse ratio is generally 
highest for solid dielectrics. 

2. The effect of over-voltages on solid insulations is cumula- 
tive. For formulas see text. 
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EXPERIMENTAL RESEARCHES ON SKIN EFFECT IN 
Í CONDUCTORS 


BY A. E. KENNELLY, F. A. LAWS AND P. H. PIERCE 


ABSTRACT OF PAPER 


The results are given of about one hundred serics of tests, 
cach covering a range in frequency up to about 5000 cycles 
per second, on the impedance of long loops of parallel con- 
ductors of different metals, sizes, and cross-sectional forms. 
The measuring apparatus is detailed. The theory of the skin 
effect in solid rods and in indefinitely wide flat strips is 
appended in a new and simplified form. | 


HE FOLLOWING researches were conducted, under ал 
appropriation from the American Telephone and Tele. 
graph Co., at the Massachusetts Institute of Technology in 
the Research Division of the Electrical Engineering Depart- 
ment, during the year 1914-15. In the early part of 1914, they 
were carried on under the directorship of Prof. Harold Pender. 
They date their origin, however, to M. I. T. thesis work under- 
taken in 1912-13. 

Brief Early Historical Outline of Skin Effect Research. The 
first mathematical discussion of auto-distorted alternating- 
current density in a wire appears to have been given by Max- 
well in 1873. Heaviside contributed an extensive mathematical 
literature to the whole subject in 1884-1887. J. H. Poynting 
also contributed to the mathematics of the subject in 1884- 
1885. Hughes developed the experimental side of the subject 
in 1886. Lord Rayleigh in 1886 first gave the formula for 
skin effect in an infinitely wide strip. Dr. H. F. Weber in 
1886, J. Stefan in 1887 and O. Lodge in 1888 contributed further 
material. Lord Kelvin gave the expression in ber-bei functions in 
1889. Hertz in 1889 and Sir J. J. Thomson 1n 1893 discussed the 
subject both from the experimental and mathematical stand- 
points. Mr. J. Swinburne used the term “ skin-effect " in 1891.1 

Manuscript of this paper was received June 25, 1915. 

1. Discussion on the paper of Dr. J. A. Fleming, “ On Some Effects 
of Alternating-Current Flow in Circuits having Capacity and Self In- 
duction," Journal Institution of Electrical Engineers, London, Vol. 


‚ХХ, May 1891, p. 171. 
1749 
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Current-Distortion Effects. The phenomena to be discussed 
relate to distortions in the distribution of current-density over 
the cross-section of conductors, and may therefore be summed 
up under the title of “ current-distortion effects.” These effects 
may be subdivided into three classes as follows: 

1. An effect due to disturbance of current density in a con- 
ductor due to the alternating magnetic flux linked with the 
same, as in the case of simple, straight, round wires remote ` 
from return conductors. This is the “ skin-effect." It may be 
regarded as due either to imperfect penetration of electric cur- 
rent into the conductor, or to the greater reactance of the 
central core of the conductor with respect to the surface layer; 
whereby the current density is less on the inside than on the 
outside. 

In a uniform solid round wire, the skin effect is symmetrical 
with respect to its axis. In solid wires of other than circular 
form, the skin effect is, in general, dissymmetrical. 

2. An effect found in spiralled stranded conductors and due 
to the reactance of the spirals. This has been called the “ spir- 
ality effect." 

3. An effect found in parallel linear conductors of any cross- 
sectional form when in proximity, owing to the alternating 
magnetic flux from one penetrating the other. This may be 
called the “ proximity effect." : 

The entire phenomenon of current-distortion effect, includ- 
ing the skin effect as a subtype, may nevertheless be referred 
to broadly as ''skin effect" in conformity with current usage, 
unless a distinction is called for. 


APPARATUS EMPLOYED 


The Mutual Inductance Bridge. Professor Hughes, on as- 
suming the presidency of the Society of Telegraph Engineers in 
1885, delivered an address on '' The Self-Induction of an Elec- 
tric Current in Relation to the Form of its Conductor." Іп 
carrying out the experiments there described, he used a form 
of bridge, which is diagrammatically shown in Fig. 1l. Its 
peculiarity is that an e.m.f. is introduced into the detector 
circuit by means of a variable-ratio air-core transformer, or 
mutual inductance, shown at m in the diagram. The detector 
current can be brought to zero by adjusting the bridge arms 
and the mutual inductance. In the original paper, owing to 
an inadequate examination of the theory of this arrangement, 


1915] SKIN EFFECT IN CONDUCTORS 1751 


the results obtained were misinterpreted. Professor Hughes’s 
paper precipitated a lively discussion, in which Lord Rayleigh, 
Sir Oliver Heaviside and Professor H. F. Weber participated. 

One of the by-products of this discussion was the formulation 
of the complete theory of the Hughes bridge, by Professor 
Weber and Lord Rayleigh. Mr. Heaviside also showed that 
the arrangement used by Professor Hughes was not as simple 
in its action as that obtained, if the mutual inductance is in- 
serted between either the supply circuit or the detector circuit, 
and one of the bridge arms. Both the Hughes and Heaviside 
bridges are shown in Fig. 1. The Heaviside bridge has been 
employed in all the work here reported. 

The.conditions for balance in the Heaviside bridge may be 
deduced thus: 


d 
---------- Detector or Source ---------- 
HUGHES BRIDGE HEAVISIDE BRIDGE 


Fic. 1 


The impedances of the bridge arms are denoted by Z and 
the mutual inductance by m. The r.m.s. current in any arm 
is denoted by J with the subscript designating the arm. 

At balance, the currents in the arms M and N are equal, 
likewise those in X and P. 

The potential difference between a and b, reckoned through 
the arm Zw, must be the same as that via the arm Zx, and the 
detector circuit, and that between b and c, reckoned through the 
arm N, must be the same as that via the detector circuit and the 
arm P. Consequently 


Zulu = Zils + јто Tx volts 4% (1) 


2. The sign Z following the unit of an equation indicates that each 
side of the equation and every separate term thereof is to be considered 
as a “complex quantity," or plane vector. 
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Thercfore | 
Z Zx + jm o | 
Ge е gc LL numeric Z (3) 
Жо ы — jm u) 
In these experiments, an cqual-arm bridge was used, with 
reference both to resistance and inductance; so that 


Zu E AN ohms Z (4) 
and the condition for balance becomes | 
Zp — Zx = 2jmo ohms Z (5) 


If Re”, Le”, Rx” and Lx”, are the total resistances and induct- 
ances of their respective bridge arms, then 


R,” — Ry" + jo (Lp — Lx" — 2m) = 0 ohms 4 (6) 


000000 
40000 
900000 


Fic. 2—ARRANGEMENT ОЕ HEAVISIDE BRIDGE 


Separating the quadrature components, we have 


Re = Re’ ohms (7) 
L, = Lx!’ + 2m henrys (8) 


as the conditions for balance. 

As we have to deal with small resistances, the most satisfac- 
tory method of varying the resistances of the bridge arms is to 
use a slide wire, as indicated in Fig. 2. Also, to eliminate ex- 
trancous resistances and inductances, it is advisable to work 
by the method of differences, two balancings being taken, the 
first, with the loop short circuited, the second, with the short 
circuit removed. 

Actual Construction and Arrangement of the Bridge. То avoid 
trouble from stray fields, the various fixed coils of the bridge were 
wound on wooden rings, as indicated at M, N, X and P, Fig. 
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3. The turns were fixed in position, by being wound in carefully 
spaced saw-cuts. Eddy current effects in the mutual inductance 
(arms X and P) were avoided, by using for the primary winding 
a conductor made of 90 strands of No. 30 B and 5 enamelled 
copper wire, (diameter of each strand 0.255 mm.). 

The primary winding of the mutual inductance was covered 
with a layer of tape. A thin, hard rubber ring with cqually 
spaced radial saw-cuts served definitely to fix the secondary 
winding, which was carefully wound outside of the primary; 
so that it was spaced as nearly uniformly as possible, the aim 
being to obtain a uniform mutual inductance per turn. By 
means of the radial arm, A, the number of active, secondary 
turns can be varied form 0 to 89, by single-turn steps. Values 


Fic. 3—ACTUAL ARRANGEMENT OF BRIDGE 


intermediate between those given by two consecutive turns, are 
obtained by the use of the fine adjustment coil, shown at F A. 
This coil.of three rectangular turns, each 2.5 cm. X 3.5 cm., is 
mounted within the wooden ring, as shown, and in such a manner 
that it can be rotated about its longer axis, to include a greater 
or lesser amount of the flux within the primary winding. 

The change of mutual inductance due to turning the small 
coil, from the position of minus maximum to that of plus maxi- 
mum, is somewhat greater than that due to one turn of the fixed 
secondary. The head, by which the position of the small coil is 
read off, is so graduated that one reads directly to tenths of a 
fixed turn, and, by estimation, to hundredths. 

Twisted pairs of wires are used for all connections, and are 
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cleated to the table, so that they occupy fixed positions. The 
positions of the leads e f and g h, are fixed with reference to the 
slide wire. Any induction effects are thus rendered definite, 
and independent of the position of the telephone, which was used 
as the a-c. detector. Contact between the slide wire and the 
lead e f is made by a sliding spring clip. The functions of the 
switches shown in Fig. 3 are as follows: 

By means of S, either direct or alternating current may be 
supplied to the bridge. 

5. is а mercury switch, with ample contacts, by which the 
arms M and N may be reversed. 

S, allows either the galvanometer or the telephone to be used 
as a detector, for d-c. and a-c. bridge balances, respectively. 

S, reverses the terminals of the secondary winding of the 
mutual inductance. 

In order to cover the entire range of the loop resistances in 
these experiments, it was necessary to use two different slide 
wires. Each wire was arranged together with its lead, ef, on 
a meter stick, so that the change from one to the other could be 
effected with little trouble. To avoid any indefiniteness due to | 
contacts, the joints at the ends of the slide wire were always 
soldered. Table I gives the data of the slide wires used. 

Check measurements of standard resistances and inductances 
were made at different times with the testing apparatus to make 
sure that it was in good order. 


TABLE I. SLIDE-WIRE DATA. 


Change in induct- 


Gage Resistance ance by moving 
Slide wire В. & 5. Material ohms per cm. slider 2 cm. 
number k А 
— abhenrys 
2 А 
1 8 German Silver 0.000280 8.9 
2 11 German Silver 0.000810 8.2 


Change of inductance per turn of the mutual inductance winding, 
K = 1342 abhenrys per turn. 


The Loop of Conductors under Test. The conductors under test 
were arranged in a single long loop, with parallel sides. They 
were placed out of doors, about four meters from the ground, and 
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rested either on glass insulators or on dry wooden supports, as 
occasion offered. By the use of tackles, the wires could be drawn 
taut, their positions being thus rendered definite. Fig. 4 is 
from a photograph of the loop, taken from one end of the alley. 
Fig. 5 (which is not drawn to scale) shows the arrangement of the 
line terminals. The short links allow the line to be transferred 
from position 1 to position 2 in the bridge, see Fig. 3. Тһе link, 
mounted on the spring, is for the purpose of short circuiting the 
line, as above mentioned. Its action is controlled at the obser- 
ver’s position in the testing room by the use of the electromagnet 
M. 

The observations are made as follows: | The test loop is con- 
nected by the mercury cups to the bridge leads 1, (Fig. 3) while 


Fic. 5—LiNE TERMINALS 


the bridge leads 2, are short circuited. Two sets of readings are 
then made, first with direct and then alternating currents; one 
set with the line short circuited, and the other with the short- 
circuit removed. The ratio arms, M and N, are then reversed 
and the readings repeated. The line is then transferred to the 
other side of the bridge; that is, to the leads 2, while leads 1 are 
short circuited, and four more sets of readings are taken. The 
arithmetical mean result, given by the various sets of readings, 
is used in the computation. 

During the balancings, the frequency is determined by the 
arrangement later described. A typical set of readings is shown 
in Table II. The theory of the a-c. bridge balance, applied to 
the actual construction, is given in Appendix I. 
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TABLE II. 


Sample of a set of observations and calculations at one frequency in determining the skin 
efl ect of the No. 0000 solid copper wire, spaced 60 cm. between conductors 


Using Slide Wire No. 1. 


--------------- — ————— — —ÓM—MM—MM——ÓMM—Ó—M——— Y — — YY no — — FP — 


Temn А 
deg. | Freq. | Arms | ly’ h^ Т Т ly l tly? lo] о [nino 
cent, cm. cm. turns 
25 6 1600 I | 51.42] 84.621 4.32 | 48.32) 53.15| 69.22] 38.201 16.07] 39.00 
| I1 54.25| 88.40| 4.47 | 43.58] 58.15) 74.35) 34.15| 16.20| 39.11 
ІП | 50.66) 18.55| 5.28 | 44.33! 52.55) 36.60| 32.11| 15.95| 39.05 
IV | 53.511] 22.12] 5.12 | 44.07) 57.56| 41.72] 31.39| 15,84| 38.95 
32.71| 16.02) 39.03 
D-c. Resistance R -Е(,-1)) | (A) 
= 0.00056 x 16.02 = 0.008972 ohms 
R’ li’ — 16” 32.71 
Skin Effect Besstance Ratio = ae ee = 2,049 (B) 
R li — lo 16.02 
Total Inductance of Loop L = K(m —mo) +p (hl! — io’ (C) 


= ]342 X 39.03 + 8.9 X 32.71 
52378 + 291 52669 abhenrys 


CALCULATION OF INDUCTANCE OF Loor 
In the calculation of the inductance of the rectangle of conductor, the following formula 
was used. It is a slightly modified form of formula 107 by Rosa and Grover in the Bulletin 
of the Bureau of Standards, vol. 8, p. 155. 


2b b 4b 2 d 
posa dope us Re oe лага ыл patuta hab) 
d a РЕ а а 
3 


= A + C (a + b) (D) 


where a = cm. length of rectangle 
b = cm. distance between axes of wires 
4 = ст. diameter of wires 
{ = abhenrys external inductance 


Li 
С = Tr = skin effect inductance ratio 
i 
C (a + b) = abhenrys internal inductance 


L = abhenrys total inductance 
In the sample case given above 
а = 2703.6 ст. 


b = 61 cm. 
d = 1.168 cm. 
L = 51082 + 2764 С 
At O frequency С = 1 
and Li = 2764 


< 4 
At 1600 ~ Г; = 52669—51032 = 1587 abhenrys 


Li’ 1587 ДЕ 
— --—- = 0.5742 


Г, 2764 
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Electromagnetic Revolution-Counter. It was necessary for the 
observer to work in a soundproof room, distant from the ma- 
chinery of the laboratory. Therefore, to facilitate the deter- 
mination of the frequency, which must be measured with pre- 
cision, the following arrangement was designed and constructed, 
with the object of determining by means of a stop watch, the 
time necessary for the completion of a given number of hundreds 
of revolutions of the generator. The device (Fig. 6) consists 
of two members,—a contact device which closes a circuit at the 


-----.-.-..... 


umm" 
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>р 


Fic. 6—ELECTROMAGNETIC REVOLUTION COUNTER 


completion of each one hundred revolutions of the generator 
shaft, and a device for properly pressing the catch of the stop- 
watch. Fig. 6 1s a schematic diagram of the apparatus. 

The contactor is at CW. It consists of a worm and wheel, 
with a ratio of 100 to 1. Тһе wheel carries an arm which, once 
every revolution, completes the circuit between a and b. The 
magnets M, and Ms are thus energized. The gearing runs in 
a grease box, and a simple coupling K, permits of its ready 
attachment to any machine. Тһе function of the magnet M», 
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is to press the catch of the stopwatch. The watch, being set 
at zero, on the first contact after closing the switch, S W, the 
armature А. is drawn down, and the stop watch is started. As 
А» moves down, the latch 5. slips over it, and holds it in the 
depressed position. This prevents the succeeding contacts from 
stopping and restarting the watch. At the initial, and at every 
succeeding contact, the magnet М! is energized, and, by means 
of the ratchet spring 52. advances the wheel R W one tooth, 
in opposition to the spring Sı. Ss is the retaining pawl, which 
bears so heavily on R W, that it also serves as a brake, and 
prevents sudden impulses of M, from advancing R W more 
than one tooth at a time. After a definite number of con- 
tacts determined by the position of the pin P, the arm К, en- 
gages with 54, and allows the armature A, to rise. At the next 
contact, the armature is again depressed and locked. The 
watch is thus stopped at, say, the completion of 1000 revolu- 


. To Bridge 


T 

To Detector 
To 700 Cycle 
Generator 


Fic. 7— TELEPHONE SENSITIVITY MAGNIFIER 


tions of the generator. Further operation of the device is then 
prevented, for the arm R, is arrested against the spring, So. 

The resetting is accomplished by depressing the lever L. 
The springs 5. and S; and the latch are thus lifted, and spring 
S, returns the arm R, to the dotted position. At the same time 
S W, makes contact, М. is energized, and the watch reset to 
zero. 

Detectors. The range of frequencies covered was from 60 
to 5000 ~. A pair of head telephones were used as the detector, 
both for direct and alternating currents. The telephones were 
sufficiently sensitive for the frequency range of from 200 to 
5000 ~. At 60 and with direct currents, the arrangement 
shown in Fig. 7 was used to increase the sensitivity. A tele- 
phone transmitter is inserted in the detector circuit. Immedi- 
ately in front of it is placed a hand telephone, which is tra- 
versed by a current from a 700-cycle generator. It therefore 
emits a loud sound. The low-frequency current in the detec- 
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tor circuit is thus broken up into alternations of that frequency 
and the effective sensitivity of the telephone to low frequencies 
is greatly increased. This device is set up in a distant room, 
and is properly muffled, so that it does not disconcert the 
observer. 

Generators. To cover the range of frequencies, from 60 to 
5000 ~, three motor-driven a-c. generators were employed; 
(1) for 60 ~, a Mordey machine which forms a part of the 
regular equipment of the laboratory; (2) for the range 200 to 
700 —; а small motor-generator set, originally designed for 
telephonic work; and (3) for the range from 1000 to 5000 ~, 
a high frequency gencrator capable, at full speed, (3750 rev. 
per min.), of giving 10,000 ~. 

In all cases, speed variations were obtained by the usc of 
resistances in series with the armature of the d-c. driving motor. 

The waves of alternating current supplied by these generators 
to the Heaviside bridge were fairly sinusoidal. Although faint 
harmonic tones could often be detected in the observer’s tcle- 
phones, there was no difficulty in balancing the bridge to the 
fundamental tone. 


TESTS ом Космо SOLID CoPPER WIRES 


Tests were made on a loop of two parallel copper wires, each 
No. 0000 A.W.G., diameter 0.46 inch (1.168cm.), cross-section 
1.072 sq. cm., and also on two solid parallel aluminum wires 
of the same size. 

Copper Wires. The loop of copper wire had a length of about 
27 meters, differing slightly in different tests. The wire was 
provided in lengths of 20 feet (6.1 m.) in selected straight rods. 
Five tests were made at as many different spacings between 
the sides of the loop. These spacings or clearances between 
conductors, were 60 cm., 20 cm., 6.4 cm., 0.8 cm. and 0.03 cm. 
respectively. Ѕсатѓеа soldered joints were made between suc- 
cessive rods. The measurements were made in each case at 
a time of day when the loop was not in sunshine, and when the 
loop was consequently at a fairly constant and observed tem- 
perature. The following Table III gives the results obtained 
in these tests, at the spacing of 60 cm. Column I gives thc 
spacing, or the distance between adjacent surfaces of the two 
conductors in the loop. Column II gives the temperature. of 
the wire, by thermometer observation at one point on the loop. 
Column III gives the frequency. Column IV gives the total 
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d-c. resistance of the loop between its terminals, in microhms 
or thousands of absohms. Column V gives the skin-effect re- 
sistance ratio of the wire in the loop, as obtained from bridge 
measurement at each frequency? Column VI gives the cor- 
responding computed resistance skin-effect ratio by formula 
(71). Column VII gives the ratio of observed to computed 
values, as appearing in V and VI respectively. Column VIII 
gives the total measured inductance of the loop, between its 
terminals, in abhenrys. Column IX gives the total inductance 
of the loop, within the substance of the wire, after deducting 
51,082 abhenrys, the total computed external inductance, in- 
cluding end effect, in the loop. Column X gives the ratio of 
the internal inductance at each frequency, to the internal in- 
ferred inductance at zero frequency (2764 abhenrys) by divid- 
ing the entries in IX by 2764. The last column, No. XI, gives 
the same ratio as computed through formula (76.) 

It will be seen from Column VII, that the observed skin- 
effect resistance ratio differs from the computed value by not 
more than 1 per cent at any of the observations. Also, com- 
paring Columns X and XI, it will be seen that the skin-effect 
_reactance-ratio, as observed, is in satisfactory agreement with 

the calculated value. The percentage agreement is not so close 

for the reactances as for the resistances; but the internal in- 
ductance, varied by skin effect, is only about 2 per cent of the 
total inductance measured, and consequently, the changes de- 
duced in this small internal inductance cannot be predicted 
with the same precision as changes 1n the total apparent re- 
sistance. The results on this loop of solid round copper wires, 
at 60 cm. separating distance, are therefore in very satisfactory 
accordance with the Bessel-function theory as developed by 
Heaviside and Kelvin. 

The test was repeated with the sides of the loop brought to 
а separating distance of 20 ст., by fastening the two wires to 
the edges of a wooden framework 20 ст. wide, and арргохі- 
mately 27 meters long. Тһе same procedure was followed in 
the third and fourth tests, the wires being fastened to separa- 
ting wooden strips at distances of 6.4 and 0.8 cm. apart, respec- 
tively. In a fifth test, the wires were separated only by a strip 


3. In the discussion of skin effect, it is customary to express the con- 
ductance effect through the ratio R'/R. For some purposes, however, 
its reciprocal, the conductance ratio, R/ R' is preferable. In this paper 
the customary expression is given throughout. 
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of thin paper, the wires being fastened together over the paper, 
by insulating tapes at frequent intervals. 
The results of the successive tests are recorded in Table IV. 


TABLE IV.—SKIN EFFECT IN A NO. 0000 SOLID COPPER CONDUCTOR 


Spacing Temp. Frequency L 
cm. degrees cycles R R’ total 
between centi- per microhms =_= abhenrys 

conductors grade second R observed 
2.0 
17.2 60 8640 1.0058 41,874 
15.2 288 8518 1.106 41,698 
15.2 868 8500 1.584 41,099 
15.0 1663 8495 2.120 40,576 
14.9 2061 8512 2.313 40,437 
15.2 3063 8512 2.755 40,202 
15.4 3112 8440 2.781 40,149 
15.3 3860 8440 3.067 40,071 
15.4 5040 8456 3.446 39,910 
6.4 18.5 60 8378 1.0087 30,528 
18.9 266 8388 1.100 30,320 
19.3 582 8383 1.354 30,038 
20.4 923 8434 1.640 29,728 
20.7 1465 8411 2.037 29,352 
20.9 2019 8316 2.344 29,108 
21.0 1992 8132 2.322 29,096 
21.0 3028 8132 2.851 28,819 
21.6 3960 8343 | 3.145 28,688 
5320 8472 | 3.558 28,546 
0.8 60 8612 1.0124 15,894 
239 8612 1.132 15,602 
671 _ 8596 1.604 14,793 
16.3 1068 8618 1.981 14,350 
16.5 1509 8624 2.330 14,007 
16.9 1991 8635 2.643 13,782 
17.2 1988 8602 2.638 13,722 
17.8 2486 8626 2.912 13,560 
18.0 3028 8642 3.179 13,301 
18.3 3880 8642 3.587 13,284 
18.4 4900 8654 3.995 13,127 
0.03 21.1 60 8696 1.0172 10,379 
21.4 236 8700 1.244 9,851 
21.5 740 8716 2.231 8,143 
21.5 1000 8735 2.688 7.594 
21.2 1473 8724 3.460 6.889 
21.0 2038 8708 4.272 6.374 
20.9 1058 8716 5.522 5.805 
21.0 3918 8700 6.449 5,55 
21.1 5170 8729 7.512 5,297 


At 20 cm. spacing, the skin-effect resistance ratio does not 
differ appreciably from the ratio at 60 cm. until the frequency 
of about 800 ~ is reached. Above this frequency, the ratio 
rises slightly, but distinctly, above the 60 cm. ratio, and at 5000 
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~ exceeds the latter by 2.2 рег cent. This increase is to be 
attributed to proximity effect; т.е. to the effect of the magnetic 
field from the parallel return conductor. 

As the conductors were brought closer, Table IV shows that 
the skin-effect resistance ratio increased considerably, owing 
to proximity effect. With the separating distance of 6.4 cm., 
the rise in resistance ratio was still hardly appreciable below 
800 ~, and only amounted to 3.3 per cent at 5000 ~. With 
a separation of 8 mm., however, the ratio increased markedly, 
being 1 per cent extra at 60 ~ 
and 20 per cent extra at 
5000 ~. At the very small 
separating distance of about 
0.3 mm., the ratio was greatly 
increased, being 1.3 per cent 
extra at 60 ~, 35 per cent 
extra at 400 ~, and 119.7 wa 
per cent extra at 5000 ~. | 
While, therefore, to the or- « | 274 
dinary light-and-power fre- a». 
quency of 60 ~, the proxim- 
ity between going and return 
conductors has very little 
influence on the skin-effect 
resistance ratio R'/R of these 
rods, at higher frequencies, 
the degrees of proximity has 
a noteworthy effect on this 


Ë 


B Я FREQUENCY 
ratio, at separations below Fic. 8—No. 0000 “ор COPPER 
6 cm., as in cabled or flexi- CONDUCTOR 
ble-cord conductors. Change of resistance with frequency for 


different spacing of conductors. 


The ratios of the skin-effect . 
on resistance at different loop widths to that at 60 cm. width 
are collected in Table V. It will be seen that beyond the 
frequency of 3000 —, the ratio of increase due to proximity 1s 
but slightly affected by further increase in frequency. Thus, 
while between 60 ~ and 3000 ~, the effect of bringing the dis- 
tance between going and returning conductors down to 8 mm. 
increases the skin-effect resistance ratio from 1.009 to 1.190 
times what it would be at 60 cm., and further increase in 
frequency to 5000 ~ only increases the ratio from 1.190 to 1.201. 

Fig. 8 shows the skin-effect resistance ratio R’/R for the data 
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contained in Tables I, II and III, with ordinates R’/R and ab- 
scissas impressed frequency. 
In regard to parallel solid round wires, at 60 cm. separation, 


TABLE V.—SKIN EFFECT IN A NO. 0000 SOLID COPPER CONDUCTOR 


DATA TAKEN FROM CURVES SHOWING RELATIONS BETWEEN SKIN EFFECT AND SPACING 
OF CONDUCTORS FOR VARIOUS FREQUENCIES. 


Spacing, R’ 
Frequency cm. between — Ratio of skin effect 
cycles per wires R to that at 60 cm. 
second resistance ratio spacing 

60 0.03 1.0172 1.013 
0.8 1.0124 1.009 
6.4 1.0087 1.005 
20 1.0058 1.002 

60 1.0038 1.00 
400 0.03 1.590 1.353 
0.8 1.295 1.102 
6.4 1.184 1.008 
20 1.180 1.004 

60 1.175 1.00 

1000 0.03 2.688 1.611 
0.8 1.928 1.154 
6.4 1.700 1.017 
20 1.690 1.012 

60 1.670 1.00 
2000 0.03 4.210 1.870 
0.8 2.650 1.177 
6.4 2.335 1. 037 
20. 2.295 1.019 

60. 2.250 1.00 
3000 0.03 2.450 2.040 
оз $. 155 1.190 
6.3 2.500 1.048 
20. 2.740 . 1.024 

60. 2.676 1.00 

4000 0.03 6.530 2.14 
0.8 3.640 1.193 
6.4 3 164 1.038 

20. 3.112 1.021 

60. 3.048 1.00 
5000 0.03 1.380 2.197 
0.8 4.040 1.201 
6.4 3.472 1 033 
20. 3.430 1.022 

60. 3.361 1.00 


Mr. C. P. Eldred, in preliminary work, during 1914, on the same 
research, at the Massachusetts Institute of Technology, ob- 
tained observations over the range between 60 ~ and 5000 ~ 
of the skin-effect resistance ratio in wires of both copper and 
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aluminum, which check satisfactorily the Bessel-function cal- 
culations. The sizes of wire tested were No. 0 A.W.G. (diameter 
0.325 inch 0.826 cm., 105,500 cir mils. 0.5345 sq. cm.) and 
also No. 0000 A.W.G. (diameter 0.46 inch 1.168 cm. 211,600 
cir. mils 1.072 sq. cm.) in copper and in aluminum. 

While, therefore, the Maxwell-Heaviside-Kelvin theory for 
solid round wires has been checked within the degree of pre- 
cision of the observations, both for copper and aluminum, up 
to 5000 —, 1.17 cm. diameter, and 60 cm. spacing, very con- 
siderable deviations from that theory have been found with 
closer spacings, owing to proximitv effect. "This deviation was 
predicted by Heaviside* 1n 1884. Up to the present time, the 
authors have not found a formula for skin effect in parallel 
round wires which will take the proximity effect into account. 

Stranded Conductors. The stranded conductors tested were 
of copper and of aluminum. 

Copper Stranded Conductor. The copper strand consisted of 
seven copper wires of the same size (diameter 0.442 cm.), six 
of these being spiralled around the central one, with a pitch 
of approximately 14.5 cm. The cross-section of one of these 
wires is 0.1532 sq. cm. and taking seven times this amount as 
the cross-section of the strand, we have 1.072 sq. cm. which is 
the same (to four digits) as that of a No. 0000 A.W.G. solid 
wire. The results of the tests on a loop of 31.5 meters of this 
stranded conductor are given in Table VI, for two different 
spacings; namely, 60.9 cm. апа 2.4 cm. 

Referring to the observations at 60.9 cm. spacings, it will 
be observed that the resistance skin-effect ratio АУЛА, at 60 ~, 
is 1.0052, representing an increase of only half of one per cent. 
At 5000 ~, however, this ratio increased to 3.54. In Fig. 9, 
curve B connects the observations here referred to. The broken 
. curve A gives the corresponding skin effect for a solid conductor 
of equal cross-section, as taken from Tables I and IT, or Fig. 8, 
using the same linear resistance for both the solid and stranded 
conductors. It appears, therefore, that above 1200 ~, the skin- 
effect resistance ratio of this stranded conductor was slightly 
greater than that of the equi-sectional solid wire, owing ap- 
parently to spirality effect, the difference increasing towards 
higher frequencies. 

As is demonstrated in the Appendix, and has already been 
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made known from earlier experimental work in this research, 
the skin-effect impedance ratio, as well as its component ratios, 
is the same for a uniformly and symmetrically subdivided con- 
ductor, without twist or helical lay, as in the solid round con- 
ductor of the same material and cross-section. In any actual 
stranded conductor, however, whether of concentric-lay, or 
rope-lay, there is helical twist in some or all strands. This 
spiraling of some of the strands necessarily introduces an al- 


TABLE VI.—SKIN EFFECT IN 7-STRAND COPPER CABLE 
EQUIVALENT TO No. 0000 SoLip WIRE. 


I II ПІ IV v VI VII VIII IX 
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Calculated ‘or 
Solid No. 0000 Ratio 


Spacing| Тетрег-| Fre- d-c. re- R’ L, total 3 L, total en 
cm. ature quency | sistance — |аһһепгу5 -- abhenrys 
deg. cent ohms R R 
12.0 60 0.00991 | 1.005 61,661 1.005 62,703 0.983 
25.7 207 0.01051 | 1.035 61,578 1.051 62,627 0.983 
27.0 475 0.01054 | 1.233 61,274 | 1.227 62.350 0.983 
26.8 925 0.01061 | 1.582 60.770 | 1.584 61,827 0.983 
60.9 27.0 1468 0.01061 | 1.966 60.335 | 1.945 61,384 0.983 
27.0 2010 0.01063 | 2.295 60.053 | 2 236 61.118 0.983 
27.7 3065 0.01063 | 2.802 59,719 | 2.685 60.815 0.982 
27.5. 3920 0.01063 | 3.151 59,539 | 2.989 60,673 0.981 
21.2 5040 0.01061 | 3.552 59,371 3.360 60,531 0.981 
20.0 60 0.01004 | 1.004 26,017 
12.4 189 0.00953 | 1.063 25.829 
12.3 652 0.00958 | 1.458 25.271 
15.8 1090 0.01017 | 1.789 24,812 
2.4 16.2 1540 0.00996 | 2.177 24,513 
17.2 2010 0.01026 | 2.470 24.257 
18.9 3112 0.01024 | 3.103 23,893 
17.8 3960 0.00992 | 3.615 23,666 
14.4 5040 0.00972 | 4.130 23,351 


ternating magnetic force, or forces, into the interior of the con- 
ductor, thereby superposing a “ spirality-effect’® upon the 
regular skin-effect of the same conductor unspiraled. These 
two effects are also capable of mutually modifying each other. 
The subject of “ total skin-effect" in spiralled stranded con- 
ductors is therefore more complicated than that presented in 
— 5. Pender, Bibliography No. 101. 
6. Stirnimann, Bibliography No. 52, and Alfred Hay, No. 70. 
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unspirailed stranded or in solid conductors. It is proposed 
to carry further investigation into this question. Up to the 
present time, the seven-strand spiralled conductors tested, 
have shown practically the same skin-effect resistance ratios 
as equisectional solid wires, up to say 1200 ~; while between 
1200 and 5000 ~, the ratio for the spiralled strands has been 
slightly greater than that of the solid wires, indicating in these 
instances, therefore, an added spirality effect. It may be 
mentioned that both the spirality effect and the skin effect of 
a subdivided conductor may be substantially annulled by in- 
sulating its strands and so transposing them that any one 
strand occupies, in succession, 


about 0.983 per cent, or 1.7 
per cent less than, the in- 
ductance of an equi-sectional 
solid wire at the same spac- 
ing and frequency as calcu- 
lated by formula (D Table 
rn: о С II.) This result is in sub- 
FiG.9—SEvEN-STRAND CasLe— Stantial conformity with the 
EQUIVALENT No 0000 Soup WirE deductions of Mr. Н. В. 
Change of resistance with frequency for Dwight’, which are to the 
different spacing of conductors. effect- that а loop AP two 
parallel unspiralled seven-strand conductors has 1.3 per cent 
less linear inductance than the equisectional solid conductors, 
all other conditions remaining unchanged. The change is at- 
‘tributable to the geometry of the loop system, and is inde- 
pendent of skin effect. 

Aluminum Stranded Conductor. The results obtained on two 
loops of aluminum conductor, one of solid wires, No. 0000 
A.W.G. (diameter 0.46 inch 1.168 cm. cross section 211,600 
сіг. mils 1.072 sq.cm.) and the other of seven-equal-strand conduc- 
tors, of very nearly equal total cross-section (1.074 sq. cm. 
211,950 cir. mils), are given in Fig. 9. It will be seen that the 
skin-effect resistance ratio of the stranded conductor, which 
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pt | | | | М, ЖМ” | column, that the total loop 
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|| y? 7, . 
| | | AE ° 


ae | TAN 
SE 


1768 KENNELLY, LAWS AND PIERCE (бері. 16 


had a lay of 23 cm., is- slightly greater than that of the solid 
conductor above 2000 ~, and at 60 cm. spacing. 

Strip Conductors. It is generally accepted among electrical 
engineers, that the skin-effect resistance ratio of flat strip con- 
ductors is less than that of equisectional solid round conductors. 
This proposition has been verified in the tests here reported, 
except at frequencies below 1000 ~, in which a higher skin- 
effect has been observed, in certain copper strips, than is ob- 
tained, by calculation, for equisectional round copper wires. 


TABLE VII.—SKIN EFFECT IN COPPER STRIPS WITH 60-CM. SPACING 
BETWEEN CONDUCTORS 


| Tem- Fre- R, d-c. re- R' 
Strip size perature quency sistance, R L, total 
cm. deg. cent. |cycles per sec. ohms abhenrys 


1.26 X 0.1575 46.8 225 1.004 71,291 
-2.0 708 1.038 71,147 

—1.8 1188 1.085 70,970 

+6.0 1900 1.161 70,679 

—1.5 2980 1.261 70,383 

—5.0 3690 1.326 70,247 

—1.3 5169 1.426 68,765 

2.52 Х 0.158 +0.9 491 1.065 60,482 
0.5 1022 1.169 60,083 

0.1 2007 1.314 59,699 

0.2 3078 1.430 59,512 

0.0 3920 1.506 59,402 

0.0 4980 1.593 59,349 

3.81 X 0.159 5.0 229 1.042 55,576 
0.4 1136 . 1.283 54,766 

5.0 1730 1.363 54,586 

1.9 2645 1.478 54,422 

5.2 3787 1.588 54,303 

1.8 5050 1.697 54,241 


Three copper-strip conductors were employed in the different 
tests, each approximately 1/16 inch, (1.59 mm.) in thickness; 
namely, nominal j-inch, l-inch, and 13-inch; actually 1.26 X 
0.1575 cm., 2.52 x 0.158 cm. and 3.81 X 0.159 cm. One strip 
at a time was supported by vertical slits in wooden blocks, to 
form, а straight loop, with parallel sides at the proper separat- 
ing &.stance. Commencing with 60-cm. spacing, it was found 
to make no appreciable difference whether the strips forming 
the loop were in the same horizontal, or in parallel vertical 
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planes. When, however, the separating distance was about 
10 cm., the relative setting of the two strips began to make a 
difference in the results, owing to proximity effects. This 
difference became very large when the separating distance was 
reduced to about one mm. 

Table VII gives the results of the observations for the above 
mentioned sizes of strip, at the separating distance of approxi- 
mately 60 cm. It will be seen that the skin-effect resistance 
ratio of the narrowest strip was only 1.0043 at 225 ~; so that 
no attempt was made to measure this ratio at 60 ~. The ге- 
cords in the table are plotted in the curves of Fig. 10, at A, B 
and C respectively, Curve D, which is slightly concave up- 
wards, represents the corresponding computed ratio for infinitely 
wide copper strip, by formula 
(103). 

It 15 evident that at 60 cm. 
spacing, which is practically 
equivalent to infinite spac- 
ing, the calculated resistance 
ratio R'/R is very much less 
than the observed ratio, par- 
ticularly at the higher fre- 
quencies. Moreover, it might 


Fic. 10—Coprer STRIPS SPACED 
60 cM. be supposed at first thought, 


Change of resistance with frequency for that a strip nearly 4 cm. 


different width strips. 
етеп width atipa wide, would approach the 


behavior of an infinitely wide strip more closely than a strip 
1.26 cm. wide; whereas the reverse was the case, in these ob- 
servations. The large deviations from theory here presented, 
at first threw some doubt on the measurements. These were, 
however, repeated, with substantially the same results, not 
only on the same bridge by different observers, and under dif- 
ferent conditions at the Massachusetts Institute of Technology, 
Boston, but also upon another loop of the same strip, with 
entirely different measuring apparatus, at Pierce Hall, in Cam- 
bridge. Therc is at present no reason to doubt the results in- 
dicated in Fig. 10 outside the range of the usual small errors 
of observation. The authors have not been able to discover 
any published measurements of the skin effect in linear lat 
strips, at any spacing. 

The reason for the large discrepancies between the theory 
for infinite strips, and the observations for strips of one to four 
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cm. width, is believed to be that the alternating magnetic flux 
surrounding the active strips, being more or less cylindrical in 
distribution, cuts through the substance of the strip to a greater 
or less extent, and in so doing dissipates power by eddy currents. 
Only in the case of extremely wide strips, may the alternating 
magnetic flux be properly regarded as lying in planes parallel 
to the surfaces of the strip, so as not appreciably to intersect 
therewith. There are two experimental evidences for this be- 
lief; namely (1) the distribution of magnetic flux paths around the 
active strips, as obtained by the method of scattering iron 
filings and (2) the fact that with the parallel strips brought 
close together, the skin effect was much greater when they lay 
in one and the same plane, than when they were supported in 
parallel planes. 

Fig. 11 shows the magnetic flux distribution around a 
2.5-cm. strip, 1.6 mm. thick, when carrying 107 am- 
peres at 838 ~, the return conductor being remote. It is 
evident that a considerable amount of this flux cuts the sub- 
stance of the strip near the edges; so that it is not surprising 
that the extra power loss due to eddy currents in the strip 
should markedly increase the skin-effect. 

Fig. 12 shows that when the two parallel strips forming the 
loop are placed in the same plane, edge to edge, and nearly 
touching, with 120 amperes at 858 ~, practically all the mag- 
netic flux threading through the loop has to cut some portion 
of the strip. We might, therefore, reasonably expect a rela- 
tively large excess loss of power by eddy currents in such a 
case, as observation actually showed. 

Fig. 13 shows on the other hand, that when the two parallel 
strips forming the loop are placed in parallel planes, and sep- 
arated only by a strip of paper, the alternating magnetic flux, 
with 120 amperes and 858 ~, was very feeble. We should, 
therefore, expect to find comparatively little excess loss of 
power by eddy currents under such conditions, as actual ob- 
servation revealed. 

The results for the 2.5-cm. strips, at different spacings and 
relative positions, are given in Fig. 14. It will be seen that 
the smallest skin-effect ratio is with the shortest spacing (0.5 mm.) 
and with the strips in parallel planes as in Fig. 13. This is the 
result nearest to that given by the theory for infinitely wide 
strips. On the other hand, the largest ratio 1s at nearly the 
same spacing (one mm.), but with the strips lying in one and 
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the same plane as іп Fig. 12. Between these extreme limits, 
lie all the other series, at least within the range of 0 to 4000 ~. 
The curve belonging to the series with 0.5-mm. spacing bends . 
upwards, whereas all the others bend downwards beyond 500 ~. 
This appears to be related to the distributions of alternating 
magnetic fields. The theoretical curve also bends upwards. 
The broken line gives the ratios for a circular wire of the same 
cross-section as the strip, and at large spacing. 

Corresponding results for the 3.8-cm. strips are indicated in 
Fig. 15. Here again, the difference is very marked between 
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the ratios for the smallest spacings 3 mm. and 0.5 mm., in the 
same and in parallel planes respectively, due to proximity 
effects. At 4000 ~, the former is about 3.4 and the latter 1.4; 
while the theoretical value for infinite strip of the same thick- 
ness is about 1.04. 

The results concerning the total loop inductances for the 
3.8 cm. strip, at different spacings and settings, are given 
graphically in Fig. 16. It will be seen that not only is the total 
inductance a minimum for the case of parallel spacing at 0.5 
mm., but also the change of inductance with[frequency ; whereas 
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the greatest change of inductance with frequency is in the 
case of 3-mm. spacing in the same plane. The broken line 
. gives the ratio for an equisectional circular rod at large spacing. 
It is evident from the foregoing results that in the case of 
parallel flat strips, the proximity effects are very variable, 
may be relatively large, and depend in large measure upon 
the relative disposition of the two conductors. 
It is open to discussion whether the proximity effect in such 
conductors is materially affected by the current strength in 
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the loops. Between the limits of about 0.1 ampere and 3.0 
amperes in the loops, at any frequency within the reported 
range, no change in the impedance ratio with current was 
observable. 


TUBULAR CONDUCTORS 


In order to measure skin effect in copper tubes, 90 feet (27.4 
m.) of hard copper tube was obtained, š inch in external dia- 
meter (1.26 cm.) with 1/16 inch wall (1.6 mm.) in selected 
15-foot length (4.56 m), and ‘supported on insulators in a rec- 
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tangular loop, like the other conductors. The tubes were 
jointed by means of thin sleeves of copper, soldered over the 
ends. The loop had square ends, and was 13.1 т. long. Tests 
were made at three spacings between parallel tubes, namely, 
60 cm., 1.3 cm., 0.1 mm. The results of these tests are given 
in the accompanying Table No. VIII and Fig. 17. It will be 
observed that at 60-cm. spacing, where the proximity effect is 


TABLE VIII.—SKIN EFFECT IN A COPPER TUBE. 
1.266 CM. OUTSIDE DIAMETER 0.159 CM. WALL. 


, 
Spacing Temperature Frequency R, d-c. resist- К : L, total 
cm. deg. cent. |сусІеѕ per sec. | ance, ohms abhenrys 
60. 4.2 222 0.01636 1.0004 25,125 
6.0 385 0.01626 1.0015 25,143 
4.8 963 0.01634 1.0088 25,121 
5.4 1967 0.01637 1.0298 25,108 
5.9 3030 0.01647 1.0633 25,109 
5.8 3962 0.01646 1.1046 25,098 
5.2 5120 0.01635 1.167 25,053 
1.3 7.5 320 0.01580 1.013 7,583 
7.4 994 0.01580 1.067 7,461 
7.7 1987 0.01580 1.132 7,361 
7.5 3004 0.01578 1.188 7,311 
6.2 3915 0.01575 1.241 7,285 
5.5 5180 0.01572 1.327 7,090 
-0.2 4540 0.01559 1.288 7,279 
-0.1 3467 0.01559 1.216 7,303 
0.0 2482 0.01559 1.160 7.343 
0.0 1482 0.01560 1.102 7,405 
0.7 658 0.01561 1.039 7,519 
0.01 8.3 488 0.01532 1.114 3,443 
8.7 1384 0.01530 1.524 2,825 
8.8 2040 01530 1.787 2,543 
8.6 3030 0.01530 2.104 2,258 
8.8 3930 0.01528 2.364 2,079 
8.7 5040 0.01526 2.630 1,950 


negligible, the skin-effect resistance-ratios are all relatively 
small, and much lower than those of other types of conductor 
tested in this research. With the spacing of only 0.1 mm.; 
з.е. with the tubes lashed side by side, and separated only by 
a thin strip of paper, the proximity effect was very marked, 
and was also sensitive to changes in the temperature of the 
surrounding air. 

The theory of tubular conductors remote from disturbing 


1774 KENNELLY, LAWS AND PIERCE [Sept. 16 


magnetic fields, has been given by Heaviside! and by Russell.’ 
It involves Bessel functions of both the first and second kinds, 
and is complicated relatively to that of solid wires. The 
formulas developed for resistance-ratio are relatively lengthy 
and are only approximations. A much simpler approximate 
resistance-ratio formula for engineering purposes, is obtained 
by considering a tube as the equivalent of a strip with no dis- 
turbance at edges; 1.е. behaving like a strip of infinite width. 
Strictly speaking, the curvature of the tubular conductor pre- 
vents the rigid application of the flat-strip theory; so that this 
theory can only be expected to apply to tubes of thin wall and 
large diameter. The formula for the resistance ratio of a flat 
strip is given in (103) of the Appendix. The full wall thick- 
ness of the tube is here regarded as corresponding to X the 
half-strip thickness.^ Applying this formula to the case con- 
sidered, we obtain the broken line marked “ Calculated " in 
Fig. 17. It will be seen that the calculated ratios are all much 
larger than the observed ratios; although the shapes of the 
two curves considered, are similar. It was found, however, 
that if instead of taking the full wall thickness 0.16 cm. for X, 
we take two thirds of that thickness in the formula, т.е. X = 
0.106 cm., the resistance ratio thus calculated agrees satisfac- 
torily with the observed values over the entire range of frequency 
investigated. It is not, however, apparent why only two- 
thirds of the wall thickness should be included in the formula, 
and perhaps this fraction applies only to the particular size 
of tube employed; so that this must be regarded as an empirical 
rule for the present. 

Slotted Tube. Seeing that the resistance ratios for copper 
tubes were less than those offered by flat-strip theory; whereas 
actual narrow copper strips gave ratios in excess of that theory, 
it was decided to follow the behavior of the tubes as they were 
mechanically altered towards the form of flat strips. The 
first step in this mechanical transformation was to cut a single 
slot 0.02 inch wide (0.5 mm.) along the entire length on one 
side of the tube. "The slotted tubes were then rejointed and 
supported in a long rectangular loop of the same length as before 
(13.1 m.), and the tests repeated for two spacings; namely, 60 
cm. and 0.1 mm. In the latter case, two tests were made, one 

8. Bibliography No. 2. 

9. Bibliography No. 5l. 

10. Pender, Bibliography No. 101. 
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with the slots turned in, and the other with the slots out; т.е. 
with the slots at their minimum and maximum permissible 
distances apart, respectively. It was found that, at 60 cm., 
there was no perceptible change from the previous test at that 
spacing. That is, the skin-effect impedance-ratio of the tube, 
remote from disturbing a-c. magnetic fields, was as nearly as 
could be determined the same, whether the tube was complete, 
or had a thin slot cut in it longitudinally. At the 0.1-mm. 
spacing, however, the resistance ratio appeared to be distinctly 
less than in the unslotted condition; but seeingthat the loop 
had to be taken down, re- 
assembled and reerected be- 
tween the two tests, with 
perhaps somewhat different 
mechanical pressures on the 
separating paper strip, in the 
two cases, it is considered 
unsafe to rely upon the de- 
duction that slotting a tube 
reduces its proximity effect, 
as is apparently indicated in 
Fig. 18. There was no ap- 
preciable difference between 
the results in the two tests 
Fic. 18-6і.ОттЕр and HALF CoP- at 0.1 mim., with the slots 
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0.0508 cM. respectively. 
Change of resistance with frequency for Half Tubes. The loop of 


different spacing and positions of conductors. clotted tube was again disas- 
sembled, and the conductor split into two half tubes, by cutting 
a new horizontal slot on the opposite side to the first. The half- 
tubes were then jointed together to form a rectangular loop 13.1 m. 
long. This half-tube conductor loop was then tested at three 
spacings; namely, 57.3 cm., 1.3 cm. and 0.2 mm. The results 
of these tests are indicated in Fig. 18. It will be observed that 
at 57.3 cm., with negligible proximity effect, the resistance 
ratios are markedly higher than with whole tubes. At 1.3 
cm, with the half tubes placed as, though lying inverted, side 
by side, on a table, the resistance ratios were distinctly, al- 
though not greatly, increased by proximity effect. At the 
0.2 mm. spacing, two tests were made, 1.6. one with the half- 
tubes placed opposite each other, as though to form the original 
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tube, and the other as in the test at 1.3-cm. spacing. The 
former condition had a lower proximity effect than the latter, 
at least as far as 5000 ~, as indicated in Fig. 18. 

Summing up, therefore, the results with tubes and half tubes, 
it may be stated that the skin-effect of tubes is much less than 
that of other forms of equisectional conductor. When the 
tube is cut into longitudinal halves, and one of the halves is 
removed, the skin-effect of the remaining half tube is con- 
siderably increased, and approaches, but is always less than, 
that of an equisectional flat strip. | 

In conclusion, we desire to express our acknowledgments to 
Prof. Harold Pender for his valuable contribution to the earlier 
‚ Stages of this research, both in design and in direction; also to 
Prof. D. C. Jackson for valuable suggestions during the progress 
of the work, also to the thesis work of Messrs. F. H. Achard, 
and H. E. Randall in 1912-1913, on the preliminary work. We 
are also indebted to Dr. S. B. Jewett for help in procuring special 
apparatus, and to Dr. E. B. Rosa of the Bureau of Standards, 
for the courteous loan of inductance standards. 


CONCLUSIONS 


1. The skin effect impedance-ratio of solid round wires of 
copper and aluminum, have been found to be in close accordance 
with the Bessel-function Heaviside-Kelvin theory, up to the 
highest frequency used in the tests (5000 ~). 

2. At frequencies below 100 ~, the proximity effect is rela- 
tively small. That is, the close proximity of the going and re- 
turning parallel conductors does not greatly increase the skin 
effect. At higher frequencies, however, the proximity effect 
becomes very marked. All the forms of». conductors tested 
develbped marked proximity effects, near the higher frequencies, 
when brought close together. The proximity effect was usually 
imperceptible at separating distances above say 20 cm. 

3. Stranded copper or aluminum conductors, without twists, 
appear to have the same skin-effect impedance-ratio as their 
equisectional solid conductors. Twisting and spiraling the 
strands, introduces a change in the ratio, called the spirality 
effect. In the very few cases of stranded conductors, thus. far 
tested, the spirality effect added slightly to the skin effect. 

4. Flat copper strips possess a much larger skin-effect resist- 
ance-ratio than corresponds to the theory for indefinitely wide 
strips. The discrepancy has shown itself to be due to the eddy- 
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current losses from the alternating magnetic flux linked with the 
strips, and intersecting them, especially near their edges. The 
proximity effect in strips is large near the higher frequencies, 
and is considerably affected by the relative positions of the going 
and returning strip-conductors. 

5. Copper tubes have less skin effect than equisectional con- 
ductors of any other form tried. In the single size tested, the 
skin effect was that corresponding to indefinitely wide strip of 
thickness 33 per cent greater than that of the tube wall. 

6. Half tubes, prepared by slitting a copper tube, have much 
more skin effect than the whole tube from which they are made. 
They have however less skin effect than flat strips of the same 
thickness and cross-section. 

7. To reduce skin-effect in a pair of straight parallel single- 
phase conductors at frequencies up to 5000 ~, the tests have 
corroborated the existing belief that the conductors should be 
tubular, or hollow cylinders, separated by more than 20 cm. 
On the other hand, to obtain the maximum current-distortion 
effect, solid rods of large diameter should be used, in close mutual 
proximity. Copper strips while showing, in most cases, less 
skin effect than equisectional solid rods, have much more skin 
effect than is generally supposed. 


APPENDIX I 


THBRORY OF CONDITIONS FOR BALANCE ON THE HEAVISIDE 
BRIDGE 


With the arrangement shown in Figs. 1 and 2, a shifting of the 
balance point, d, to the left, transfers resistance from the arm 
X to the arm P. At the same time, а certain amount of induct- 
ance in the slide wire, and in the mutual induction between the 
slide-wire and the detector circuit is also transferred. 

To obtain R and L, the resistance and the inductance of the 
loop under test: | 

let r = the resistance per centimeter of the slide wire (ohms 

per cm.) 
twice the inductance change per centimeter of the slide 
wire, due to the change in position of the slider 

(henrys per cm.) 

k = twice the resistance per unit length of the slide wire 

(ohms per cm.) 
the inductance of the arm P, excluding the slide wire 

(henrys.) 


m 


{tN 
T 
| 
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Lx’ = the inductance of the arm X, excluding the slide wire 
and the inductance L, (henrys.) 
Lx = inductance of the experimental line to be determined. 
(henrys). 
Rx = resistance of the experimental line, to be determined 
(ohms). | 
то = mutual inductance necessary to balance bridge, when. 
the line is short-circuited (henrys). 
m, = mutual inductance necessary to balance bridge when 
the line is in circuit (henrys). 
K = twice the mutual inductance per turn of the second- 
ary winding (henrys per turn). 
no —n, = change in the number of turns on the secondary of the 
mutual inductance, which is necessary to restore 
balance when the short circuit is removed. 
R,’ = resistance of the arm P, excluding the slide wire (ohms) 
Ry' = resistance of the arm X excluding the slide wire and 
the resistance Ry (ohms). 
ly) = reading of slide wire when the line is short-circuited 
(cm.). 
/ = reading of slide wire when the line is in circuit (cm.), 
I = total length of slide wire (cm.) 
By (7) from the first balancing 


ро ohms (9) 
from the second balancing 
Rp’ thr = Rx’ + (1-1) r+ Rx ohms(10) 
"Ry = 2r (h- lo) | “ (11) 
k (L — ly) Š (12) 
By (8), from the first balancing 


or Rx 


Lp’ + и. = Lx' + 5 (] — ly) + 2mo henrys (13) 


from the second balancing 


Lj ші. = L! + Ë (l-h) +2mi+ Lx henrys (14) 
Lx = 2(то = mı) + K. (l = lo) s (15) 
and Ly = К(по — m) + u (h — lo) " (16) 


The working formulas are therefore (19) and (16). 
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APPENDIX II 


THEORY OF SKIN EFFECT IN SOLID CYLINDRICAL UNIFORM 
CONDUCTORS WITH REMOTE RETURN 


This theory was originally developed by Clerk Maxwell in 
1873, and has, under certain variations of detail, been given by a 
number of writers since that date, as an examination of the 
references mentioned in the Bibliography will reveal. The es- 
sential steps of the reasoning are, however, repeated here; because 
the final solutions offered are believed to have certain advantages 
for engineering computations. 

In Fig. 19, let A B C be the cross-section of a uniform straight 
cylindrical conductor of radius X cm. with axis at 0, and sur- 
rounded by air, oil, or other non-magnetic dielectric. Let the 


wire be supposed to carry a sinusoidal alternating current 1,, 
r.m.s. absamperes!!, and to be so far remote from the parallel 
return conductor, that the magnetic field from the latter is 
insignificant at the region occupied by A BC. Then the external 
alternating magnetic field of this conductor A B C will be just 
the same in magnitude and phase as the alternating current I, 
would produce if there were no skin effect. That is, the skin 
effect is confined within the radius X. It affects the magnitudes 
and phases of the electric and magnetic fluxes within the conduc- 
tor; but we may assume that (1), by symmetry, these fluxes are 
symmetrically distributed with respect to the axis O; so that if 
either the magnetic flux-density, or the current density, has a given 
instantaneous value at some radius x; then the same value will 
be developed, at that instant, at all points whose radius is x; (2) 


11. The prefix ab- or abs- indicates a C.G.S. magnetic unit. 
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that there is at no time during the steady state, a radial compon- 
ent of electric or magnetic flux, that is, all fluxes are either parallel 
to the axis, or in cylindrical lines around the axis. By the 
“ steady state ” 1s meant the alternating-current state which is 
finally reached after the application of impressed alternating 
voltage in the circuit. 


Let ix = the instantaneous current density at radius x (absam- 
peres per sq.cm.). 
Ж, = the magnetic intensity at radius x (gilberts рег cm.) 
(8, = magnetic flux density at radius x (gausses). 
ү = the conductivity of the material in the conductor 
(abmhos per cm.). 
p = 1/%ү theresistivity (absohm-cm). 


_ "T | gausses 
u = the permeability — са per ca ) 
f = the frequency of the impressed alternating current 
(cycles per second). 
о) = 2т/, the angular velocity (radians per second). 
7x = T тх – © the electric alternating intensity externally 


impressed on the conductor (222012) 
linear cm. 
j= та 
е = 2.71828 . . . the Napierian base. 


Then, if we integrate the magnetic intensity 3, around the 
circle of radius x, we obtain 27x 3, gilberts, and this must be 
equal to 47 times the total vector current strength within this 
circle; that is . 


2mTXX. = 4т f 2x. is. dx absamperes Z (17) 
d (х.к) К š “ « 

Or dx = 47 X.ix (18) 
ONE. O S. | ак; absamperes 

ang. шз 47 ( x " dx ) sq. cm. Zum) 


If we take one cm. length of the conductor, as indicated in 
Fig. 20, and suppose that, at radius x, the current density directed 
from 0 to 0” is rising at the instant considered; then magnetic 
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flux will be entering the rectangle a b c d towards the observer 


dK, i 
D maxwells per second, and generating a 


momentary e.m.f. of this nunierical value around this rectangle, 
in the direction of the arrows. In order that there shall be no 
` radial component of current flow in this rectangle, the total e.m.f. 
around this rectangle must be zero. The electric intensity nz, 
or the e.m.f. in the centimeter ab will be pi, abvolts, directed 
with the current, or from a to b. Similarly, the electric 


at the rate u: x d: 


di; dx), directed from c to d. 
dx 


The total e.m.f. 1n the rectangle is then by Ohm’s law, 


intensity in dc will be p (i. + 


E У = 0 abvolts Z (20) 
dt d; 
du, _ аж; abvolts 
т P d = dt лс = (21) 
Differentiating (19) with respect to time, we obtain 
di, _ 1 PH, 1 ах. absamperes 
di 4r (9 x dt ) sq. cm. sec. А 22 
Substituting (21) 
di, _ P а, 1 ат.) ahsamperes 
dt — mt d; TIU Sq. cm. sec. ы 
ог 
dt, 1 а, 4ти di, di, 
qo up ж р ш CUN 
| absamperes 
. — Z (24) 
But 1. is varying sinusoidally, at any radius; so that 
Ü c x3 absamperes 
dp ee pm A (28) 
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and 
dA, 1 di: ; . _а absamperes 
uus d e x + (-74т уро) їг = 0 NEC Z (26) 
If we denote (— 47 Y £ ш) by ао = Z (27) 
then 
d? 4, 1 diz E absamperes 
dx? Sg Шы ШЫ чш cmi < (8) 


This is -a well known typical form of second-order Bessel 
differential equation, whose solution may conveniently be 
expressed in Bessel functions 


= А.Л (ах) + В.К, (мох) 


absamperes Z (29) 
where Jo (ax) is a zero-order Bessel function of x ee the first 
kind, and Ko (оох) is a zero-order Bessel function of x of the 
second kind, while A and B are arbitrary constants. 

Similarly, differentiating (19) with respect to x, we have 


di, _ 1 тах. KX, d? 3, \ absamperes 

dx Ат (5 dx ot dat ) ст.3 £90) 
and substituting from (21) 

ах, _ 1 так. К. , ËR gilberts 

di | Am yu (s dx eT 15) пи е (31) 


and remembering that 3C, is a sinusoidal quantity of angular 
velocity o, 


1 (- X. , 1 di, гє) 


pos 4T yu x? x dx + dx? 


gilberts 
cm.sec. 


(32) 


OT 


J d? X, 1 а %, 
ах? "x dx 


(-j4ryne -4) = 0 


x“ 


gilberts 
Em Z (33) 


Z (34) 


1 ) gilberts 
2) = 0 Гай 
cm. 
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A typical Bessel differential equation of the second order, 
whose solution is 


gilberts 
cm 


X. = A'-J, (әх) + B'- Ki (ax) Z (35) 


where Л, (оох) is a first-order Bessel's function of x, of the first 
kind, and К, (оох) is a first-order Bessel's function of x, of the 
second kind. It can be shown that in order to comply with the 
physical conditions of the problems, both B and B' must vanish; 
so that we obtain 

absamperes 


Lom (osx) SPASS Z (86) 
J ANT agn ета, (87) 


where A and A’ are constants determined by the particular 
conditions of each case, and оо is the ‘‘ semi-imaginary " quan- 
tity 8 4; — j Q2 


a) = V2T'Yyuo —j V2ryuo = У4түно \45° cm. Z (38) 


1. e., a complex quantity, whose real and imaginary components 
are equal. The current density 7, at radius x, is therefore a 
constant A times the zcro-Bessel function of the semi-imaginary 
Ox , and X, the magnetic intensity at radius x, is a constant 
A’ times the first-Bessel function of the same semi-imaginary. 
Similarly, the electric intensity at radius x is 


bvolt 
n: = A p+ Jo (д) ——— 4 (89) 
and the magnetic flux-density at radius x is 
В, = A'u- J; (ax) gausses Z (40) 


If we take x = X, the radius of the conductor, we obtain from (36) 


absamperes Z (41) 
sq. cm. 


X 
ty = А. Jo (aX) 
and dividing (36) by (41) 


s ЖО | 
m ж c Лад) numeric 2 (42) 
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Similarly 


В, 2: "As = Ji (оох) 
В, %, Ji(aoX) 


numeric Z (43) 


For the benefit of those who are not familiar with Bessel’s func- 
tions, a few definitions may here be given. For any real quan- 


оо 


Ло (2) =1 Е + тэг — таг +.....numeric (44) 
and 
Y (=) z \6 
5 1 2 2 (5) | ; 
ТІНЕ - rer + 3r — таг + .... щш 
Similarly 
- 7/2 25 
Be udi desi (=) | 
J, (2) = 2) о numeric (46) 


If 2 is а complex quantity of the type 2/6, z being the modulus, 
and 6 the argument, 


Then 
2% 2% 2% 
(2)/%,(5)/4 (2/64 
Ло (2/6) = (ЗІ c Ss Акан 773131. 
ом 111! 2! 2! 3! 8! 
numeric Z (47) 
and 
2 2 
2 1 (+) 128 
A 6/9) = 3/9 |i dp 
ШЕНДІЕ 
+ 259) 3141 + .... numeric Z (48) 
Similarly 


di e (-D" (>) / 2nó 
To eoa аналы 


n =0 


| numeric Z 


(49) 
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It is evident therefore that a Bessel’s function of any complex 
quantity is an infinite ascending series of powers of that quantity, 
the coefficients being formed on a definite schedule, depending 
on the order of the function. 

Turning now to (43), we know that if the total maximum cyclic 
vector current strength carried by the conductor is 1, absam- 
peres, the maximum cyclic magnetic intensity 3C, at the surface is 


IC xm == 


2 Ta gilberts Z (50) 
cm. 


X 


in phase with the current 1,. If, however, we prefer to consider 
not the maximum cyclic, but the root-mcan-square value of the 
total vector current 


| eg. gw r.m.s. absamperes Z (61) 
Then the corresponding r.m.s. value of the magnetic intensity at 
the surface is 


2 I, gilberts 
X cm. 


Z (52) 


and the r.m.s. flux-density at the surface, to current phase as 
standard, 
2 u I, 


Bx, — eo gausses Z (53) 


Consequently, the r.m.s. value of the magnetic intensity 
3C,,, at radius x cm, is by (43) 


HT = 


2 1, Л: (вх) u n A Б] 


ХЛ (aX) cm 


to current standard phase. Thus, if a copper rod 1 cm. in dia- 
meter (X = 0.5) has a resistivity of 1724 absohm-cm. (Y 
= 1/(1724) = 0.580 X 10-3), a permeability м = 1, and is tra- 
versed by а r.m.s. sinusoidal current of 20 amperes, (I, = 2 
absamperes) at a frequency of 786 cycles per second, (w = 
4938 radians/sec.) Then 


ay = V —j12.51 X 0.58 X 107x4.938 X 107? 
\12.57 X 0.58 x 4.938 \90° 


У 36.0 N90? = 6.0 \45° сті; 
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so that 
оо X = 3.0 \45° = 2.121 — j 2.121 numeric Z (55) 


by appended Table IX of J, (2 \45°), we find J, (3.0 \45° 
= 1.8 /15.°714 


Consequently, 


_ 2x2xJi(oax) _ SE 
К. = 05 X 18 71574 = 4.444 \15°.714 . J, (оох) 


r.m.s. gilberts Z (56) 


At the axis of the wire or x = 0, J; (0 \45°) = 0 \45° 
and 


— r.m.s. gilberts 


ЗС, = 0.0 \60°.71 = Z (67) 


or, the intensity is vanishingly small, lagging 60°.7 behind the 
total vector current; and also 60°.7 behind the intensity at the 
surface of the wire. At x = 0.25 cm., or half way down to the 
axis, бух = 1.5 V 45°, and 


Iar = 4.444 M5? 714 . Ji (1.5 M5?) 
= 4.444\15°.714 х 0.7599 \28°.952 
= 3.577 \44° 666 r.m.s. gilberts/cm.Z (58) 


1. €., 0.447 of the full surface value. At the surface, X =0.5 and 
Her = 8/0? r.m.s. gilberts per cm. 

Next considering (42), we are usually unable to apply this 
formula directly; because we do not know the value of the elec- 
tric intensity m, at the surface, or the current density 1, which it 
produces. It becomes necessary, therefore, to find the average 
. current density, taking skin effect into account. It is evident 
that the total vector r.m.s. current strength J, (absamperes) 
in the wire, if i,, is the r.m.s. current density at radius x, will be 


X 
1, JE - | Х<1::: ах 
9 9 


r.m.s. absamperes Z (69) 
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and dividing this by пХ?, the area of cross-section of the wire, we 


obtain the average vector r.m.s. current density 1, in the pres- 
ence of skin effect; namely 


X 
| 1, 2 ; r.m.s.absampere 
ter > TX: -2- |= ы gg OO) 


Substituting for izr, the value from (42) іп terms of ix, we have 


x 
| 2 m 
tor = X? ` J (X) Ы (a x) - dx 


0 
r.m.s.absamperes 


sq. cm. £ ABB) 


It will be found that the integral of mx/à times the zero-Bessel 
function of a complex quantity mx/6, with modulus mx and 
argument 6, is 


[mn Jo (mx /0) -dx = x Ji (mx /6) numeric Z (62) 


Applying this integral, we obtain 
| 2 iX, ШЕ 
1: = xX ` 7% (QoX) “оу Qo X * Jo (œx) . dx 


1 x 
= ах 7157 (990 


= = : ых, (а. X) -—-J, (ao X) 
= 2 jy, (X) r.m.s.absamperes 
GX ШЫ; Jo (a X) sq. cm. SS) 


whence 


du _ QX Ј (ax) 


i = ИРИ x EC SE numeric Z (64) 
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Thus at the axis, where x = 0, оох = 0 \45°, and Jo (мох) 
= 1.0 /0°, 


lor E ato X 1 ; 
e и numeric Z (65) 


In the case above considered with ау X = 3.0 \45°, 


iy _ _ 1.5 \45° 


i. 18 715°.714 J = 0.8333 \60°.714 numeric Z (66) 


ог the axis r.m.s. current density is 83.33% of the average current 
density, as deduced from the actual r.m.s. current and the cross- 
section. At the surface, Jo (ma X) = Jo (3.0 M5?) = 1.9502 
/96°.518; so that 


іХ. _ 08333 16009714 x 1.9502 /96.°518 = 1.625 \ 35°8.04 
ler numeric ¿Z (67) 


or the surface density is 62.5% greater than the average density: 

If we consider that the surface r.m.s. current density is equal 
to that which the same numerical continuous electric intensity 
would produce in the linear d-c. resistance R, whereas the average 
r.m.s. density is that which the r.m.s. a-c. electric intensity 
actually produces in the presence of the linear internal impedance 
Z = В’ + jx’; it follows that 


2 EM iX, A Qo X | Jo (ao X) К 
p mt cs 2 7, (os X) numeric Z (68) 


Д е | А Е ; 
Неге Rp 15 the ''skin-effect impedance ratio." Тһе real 


R' : : ! 
component of this ratio is R ——, the ‘‘skin-cffect resistance ratio’; 


| ЖЕЛІ 
while the reactive component of this ratio is L^ the “ skin-ef- 


fect reactance ratio.” 
Thus, in the case considered, by (67) 


Z 


-p = 1.625 /35°.804 = 1.318 + j 0.9507 numeric Z (69) 
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so that the skin-effect impedance ratio of the wire at this fre- 
quency is 1.625, its skin-effect resistance ratio 1.318, and its 
skin-effect reactance ratio 0.9507. The apparent a-c. resistance 
of the wire is therefore 31.8 per cent greater than the d-c. 
resistance. 

If, therefore, we denote the skin-effect impedance ratio as 
obtained in (68) by the complex quantity М/Б®, where 
М = |Z/R|,and 8° = Z/R, 


"RO M / B° numeric Z (70) 
then 
R' 
TR = M cos B numeric (71) 
and 
, , 
% - = = M sin В numeric (72). 


But the internal linear inductance L of around wire, in the ab- 
sence of skin effect, is 


abhenrys 


LA 
L= 2 wire cm. (73) 
So that 
| 2 
ae = ме - А numeric (74) 


= —— ш —  %Ü— — uv numeric (75) 


L' 8М5іһ8. 
= S ах — numeric (76) 


where |оХ| denotes the modulus, ог length factor, of the plane 
vector @X. In the case above considered, |a X| = 3, and 


L’ _ 8X0.9507 
Et 9 


M sin B=09.507; so that — 0.8456 
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The apparent linear internal inductance of the wire in the pres- 
ence of skin-effect, is 84.56 per cent of that for zero frequency. 
The radial skin thickness ó cm., which is equivalent, at full 


| 


9 
Qe 


3 


PLOT OF MODULUS 9, 
UP TO |Z| «6.0 


ORDER OF THE SEMI-IMAGINARY QUANTITY Z\45° 


Jo (ao x) = Ло (х Vår ruw \45°) = Jo (z \45°) = Po fo 


conductivity, to the actual wire at the average conductivity of 
skin effect, is given by 


p= x(1-V 1-2) cm. (76 a) 
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In the case above considered 6 = 0.2544 cm. 

Table IX gives the values of both Jo (2 M5?) and J, (Z \45°), 
for the range z = 0 to z = 10, by steps of 0.1; while Figs. 21 to 
24 give curves corresponding to the entries in the table, whereby 


4212 Z 19 
egi 


Fic. 22—INTERPOLATION CHART FOR BESSEL einen: OF THE ZERO 
ORDER OF THE SEMI-IMAGINARY QUANTITY Z\45° 


Jo (cox) = Ло (ху 4 47H N45?) = Jo (3 5459) = po / x° 


interpolation may be made, by direct inspection, for most en- 
gineering purposes. The curves in Fig. 21 give the modulus of 
Jo (z \45°), in Fig. 22 the amplitude of the same function, in 
Fig. 23 the modulus of J; (z \45°), and in Fig. 24 the amplitude 
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of the same function. Table IX has been worked out from already- 
existing tables of ber-bei ber’-bei’ functions, using (77) and (78). 
The polar form of the Bessel functions obtained from Table IX 
gives them distinct arithmetical advantages. 


PLOT OF MODU 
UP TO 121 - 


` a ` 
` е 
. 
< - 
` Р; 
` 
k. 5 
L3 . 
` 
` 
. 
п . ç 


қ 
ce 
ERE 


ЕЕ 
ШЕ 


x 
" 


L. 

1 

t 

. 

i 
i 

w 
= 
' ' 
M 


EP а 
= 


feli 
Fic. 23—INTERPOLATION CHART FOR BEssEL FUNCTIONS OF THE FIRST 


ORDER OF THE SEMI-IMAGINARY QUANTITY Z\45° 
Л, ( aox) = J z VA uw X45?) = Л, ( 2445?) = p /в,° 


"- 
M 


Table X gives the value of |æ = У4 T "y и о, the modulus 
of the propagation constant, for the case of round copper wires, 
of international standard conductivity at 20°C., for various values 
of impressed frequency up to 5000 ~. By its use, in conjunction 
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with Table ІХ, the computation of the electric intensity nz, the 
electric-current density 1., the magnetic intensity 3€,, or flux 
density %,, at any radius x, in a round wire, is facilitated through 


Fic. 24—INTERPOLATION CHART FOR BESSEL FUNCTIONS OF THE FIRST 
ORDER OF THE SEMI-IMAGINARY QUANTITY Z M5? 


л (аох) = J, (x MA тло \45°) = Л, (s \45°) = P / x° 


formulas (42), (43), (54), (64) and (65) as well as the skin effect 
ratios Z/R, R'/R, and L'/L. 

Ber, Bei, Ber' апа Bei’ Functions. Certain functions, derived 
from Bessel’s functions Jo (z \45°), and J, (2 \45°), were intro- 
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duced by Lord Kelvin in his classical discussion of skin effect". 
The ber function is the real component and bei the imaginary 
component of . (2 \45°). Analogous relations connect the 
ber’ and bei’ functions with the corresponding real and imaginary 
components of J; (25459). Thus, as is shown in Jahnke and 
Emde's * Funktionentafeln "3 in the discussion of this subject, 


Jo (z M5?) = ber z + j bei z numeric Z (77) 
and 
Л: (z \45°) = = ber’ z + j bei’ 2 numeric Z (78) 


From which it is shown that 


К _ eX „Бег (aX) - bei’ (œX) — bei (aX) - Һег(а«Х) 
R 2 ber" (aX) + bei” (aX) | 
numeric (79) 
апа 
L’ _ 4 ,,ber(aeX):ber' (%Х) + bei (aoX) - Бег (ооХ) 
L aX ber’? (aX) + bei? (aX) 


numeric (80) 


These formulas have the advantage that they give the solutions 
for R'/R and L'/L directly, after aoX is known, from reference 
to Tables of ber x, beix, and ber 'xand bei'x. They have, however, 
the disadvantage of being longer, and of calling for more numerical 
work in computation than the corresponding formulas above 
presented (68), (71) and (76). "Thus, in the case already con- 
sidered, we find from ber-bei Tables, ber 3 M5? = - 0.2214, 
bei 3 M5? = 1.9376; ber’ 3 \45° = - 1.5698, bei’ 3 \45° = 0.8805. 


Hence by (79) 


R' 3. -0.2214 0.8805 -1.9376x (-1.5698) _ | aig 
R ^7 (— 1.5698)? + (0.8805): | 
and by (80), 

L’ _ 4 _ -0.2214x (—1.5698) + 1.9376 X0.8805 _ 

1 = 3 Х (— 1.5698)? + (0.9805)? шы 


12. Bibliography No. 9. 
13. Bibliography No. 61. 
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TABLE IX—BESSEL FUNCTIONS OF THE ZERO AND FIRST ORDERS 


of the semi-imaginary quantity (s 445?) expressed in polar form P /@ for expression 
Јо (s \45°) = p, /& and Ji (z \45°) = p,/ 61. 


Jo (t \455) 


Ji (s 5459) 


— — | | ——— | — I —— LL. — | | ————— |————— | —M— 


5 
0.1 
0.2 
0.3 
0.4 
0.5 
0.6 
0.7 
0.8 
0.9 
1.0 
1.1 
1.2 
1.3 
1.4 
1.5 
.6 
T 
8 
9 
0 


COCO OP оном 


сомо сл сом OO00-IO mG to 


раа іе рый ве =a = һәй все р-е ве 


кке pat — w ка ке кі 4 р 


CoO th ыы 595050955252 DODDI m pepe pep m nh — — 


. 863 
178.933 


— ке е өші 1 


не б — р-і w 


Examples Jo (3.1 14529) 


—cooo ooooo ccoco соооо 


ланы» фис WN NNN NN NN 


0500 
1000 
1500 
2000 


. 2000 


3001 
3509 
4010 
4508 


.5014 


5508 
6039 
. 6549 
7070 
. 7599 


.8136 
8683 
9233 
9819 
‚0411 


‚10922 
‚1659 
22325 
. 3019 
.3740 


. 4505 
. 9400 
‚614% 
. 4045 
.7998 


9012 


. 0088 
‚1236 
‚2459 


3766 


5125 
6640 
8226 
9920 


. 1729 


3662 
5122 
7924 
0274 
2783 


‚5460 
‚8317 
. 1390 
‚4619 
‚8118 


= 2.0592 /100° 789; 


—42.422 
-41.489 
—40.358 
—139.207 
—37.837 


—36.343 
—34.706 
—32.92N 
—31.011 
—28.952 


—24.451 
-22.000 
—19.428 
—16.732 


—13.92" 
—11.000 
— 7.970 
— 34.535 
— 1.613 


1.701 
5.099 
8.570 
12.111 
15.714 


19.372 
23.081 
26.533 
30.622 
34.445 


38.205 
42.171 
46.067 
49.978 
53.905 


57.840 
61.759 
65.743 
69.706 
73.672 


77.638 
81.615 
85.590 
89.571 


93.54910. 


“ISROA GBROAR REUNUS 


OoOo Ore u to 


H 


©л л n Ci са 


YNNN 
ФФоомо TRON ОФФО Gp WN = 


220 ссосогоо ODDITAN ссе CNNSI 


CORN сық, е. 


1 
2 
3 
4 
5 
‚6 
7 
8 
‚9 
0 


Јо (25459) Ji (2 \45°) 
Ро 7% p, / 0 

6 6203] 183.0021 6.1793| 97 533 

7.03391 187.071 6.5745] 101.518 

7.4752, 191.140] 6.9960! 105.504 

7.9455] 195.209] 7.4456) 109.492 

8.4473] 199.279] 7.9253| 113.482 

8 9821| 203.348] 8.4370] 117.473 

9.5224] 207.417| 8.9530) 121.465 
10.160 | 211.487| 9.5657] 125.459 
10.809 | 215.556| 10.187 | 129.454 
11.501 | 219.625| 10.850 | 133.452 
12.239 | 223.694] 11.558 | 137.450 
13.027 | 227.762| 12.313 | 141.452 
13.865 | 231.5830] 13.119 145.454 
14.701 | 235.897| 13.978 | 149.458 
15.717 | 239.964] 14.896 | 153.402 
16 737 | 244.031| 15.876 | 157.469 
17.825 | 248 .098| 16.921 161.477 
18 986 | 252.164| 18.038 | 165.486 
20.225 | 256 228] 19.228 | 169.498 
21 548 | 260.294| 20.500 | 173.510 
22.959 | 264.358] 21.858 | 177.523 
24 465 | 268 422| 23.308 | 181.536 
26.074 | 272.486) 24.856 | 185.554 
27.790 | 276.540| 26.509 189.571 
29.622 | 280.612| 28.274 | 193.589 
31 578 | 284.674| 30.188 | 197.608 
33.667 | 245.736] 32.172 | 201.627 
35.896 | 202 798] 34.321 | 205.646 
38.276 | 296 859| 36,617 | 209.670 
10.817 | 300.920| 39.070 | 213.692 
43.532 | 304.981] 41.691 | 217.716 
46 429 | 309.042) 44.487 | 221.739 
49 524 | 313.102] 47.476 | 225.764 
52.829 | 317.162] 50.670 | 229.790 
56.359 | 321.222] 54.081 | 233.815 
60.129 | 325.282] 57.725 | 237.842 
64.155 | 329.341] 61.618 | 241.868 
68.455 | 333.400) 65.779 | 245.896 
73.049 337.459] 70.222 | 249.925 
77.957 | 341.516] 74.971 | 253.953 
83.199 | 345.577| 80.048 | 257.981 
85.796 | 349.566| 85.466 | 262.011 
04.781 353.693] 91.259 | 266.041 
101.128 | 357.751| 97.449 | 270.071 
108.003 | 361.811[104.063 | 274.102 
115.291 | 365. 868|111.131 | 278.133 
123.110 | 369.958|118.683 | 282.164 
131.429 | 373.983|126.752 | 286 197 
140.300 | 378.002135.374 | 290.229 
149.831 | 382.099|144.586 | 294.266 
Ji (8.1 M5?) = 41.691 /217? 71g 
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Rosa and Grover!i have worked out tables of R'/R and L'/L in 
accordance with formulas (79) and (80), for various values of 
lx X|, up to 100. 


TABLE X—PROPAGATION CONSTANT OF THE MODULUS |а| 2 V/A хун 
FOR COPPER OF STANDARD CONDUCTIVITY, AT 20?C. 
(р = 1724. absohm-cm., и ж 1.0) for various frequencies ~. 


lal f |а| f lal f lal 

5| 0.4785 320 3.828 820 6.128 2600 10.91 
10 0.6767 340 3.946 840 6.202 2700 11.12 
15| 0.8288 360 4.060 860 6.275 2800 11.32 
20| 0.9570 380 4.172 880 6.348 2900 11.52 
25| 1.070 400 4.280 900 6.420 3000 11.72 
30| 1.172 420 4.386 , 920 6.491 3100 11.92 
35| 1.266 440 4.488 940 6.560 3200 12.11 
40] 1.354 460 4.590 960 6.630 3300 12.29 
45| 1.436 480 4.688 980 6.699 3400 12.48 
50| 1.513 500 4.785 1000 6.767 3500 12.66 
60] 1.658 520 4.880 1100 7.097 3600 12.84 
70] 1.791 540 4.973 1200 7.413 3700 13.02 
80} 1.914 560 5.064 1300 7.716 3800 13.19 
90] 2.030 580 5.154 1400 8.007 3900 13.37 
100] 2.140 600 5.242 1500 8.288 4000 13.53 
120] 2.344 620 5.328 1600 8.560 4100 13.70 
140] 2.532 640 5.413 1700 8.823 4200 13.87 
160] 2.707 660 5.498 1800 9.079 4300 14.03 
180] 2.871 680 5.580 1900 9.327 4400 14.20 
200] 3.026 700 5.662 2000 9.570 4500 14.36 
220] 3.174 720 5.742 2100 9.806 4600 14.52 
240] 3.315 740 5.822 2200 10.04 4700 14.67 
260] 3.451 760 5.899 2300 10.26 4800 14.83 
280] 3.581 780 5.976 2400 10.48 4900 14.98 
300] 3.707 800 6.053 2500 10.70 5000 15.13 


Example. At f = 2000 ~ а, = 9.570 \ 45°; а = 9.570 / 45° 


SKIN-EFFECT IMPEDANCE RATIO FOR NONSPIRALLED STRANDED 
CONDUCTORS OF NON-MAGNETIC METAL 


In order to consider the impedance ratio for a stranded con- 
ductor in its simplest case, we may assume that all spirality: 
effects are absent, and, therefore, that the conductor is stranded 
without any twisting, or, that if twisting occurs, the spirality 
effects of the twisting may be ignored. The effect of stranding 
a conductor will then be to increase its effective diameter, with- 


14. Bibliography No. 85. 
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out altering the cross-section of metal. Let A B С, Fig. 25, be 
the cross-section of a solid round wire of great length, and remote 
from its return conductor, or from other disturbing conductors. 
Let its radius be X cm., and its substance have a conductivity 
ү abmhos per cm., and a permeability и = 1. Then let the 
above conductor be divided into a number of parallel strands, 
symmetrically insulated, spaced, and distributed; so that the total 
cross-section, including all insulation between strands, of the 
new stranded conductor A B C is increased n times or 


TX = пт X? sq. cm. (81) 
and 
X, = X Уп cm. (82) 


The stranded conductor will not differ in permeability from the 


Fic. 25 


solid conductor, but will differ therefrom in longitudinal electric 
conductivity. The stranded conductor will have the same total 
linear conductance as the solid conductor; but its average con- 
ductivity over the cross-section will be п times less. Conse- 
quently, the propagation constant o; of the stranded conductor 
will be: 


o = VAT Yi и w M5? Vir yume Qo 
n vn 


ста”! Z (83) 
Therefore the quantity a, X; for the stranded conductor is 


a, Х = Ta X Vn = aX numeric Z (84) 
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or is the same as for the solid wire. We thus conciude, Irom ап 
inspection of (68), that the impedance ratioZ/R, as well as its com- 
ponents R’/R, and L’w/R, are the same as for the metallically 
equisectional solid conductor. This is a property of conductors 
already known experimentally.!5 

Moreover, formulas (42) and (43), relating to the electric 
and magnetic forces and flux densities at any point within a 
solid conductor,clearly apply also to a non-spiralled symmetri- 
cally stranded conductor, if the radius x is expressed as a frac- 
tional part of the total radius X, in each case. "Thus the values 
of nz, iz, ©. and G,, at half radial depth, bear the same complex 
numerical ratio to the corresponding values at the surface, in 
both stranded and solid conductors. The actual values of these 


Fic. 26 


quantities at the surface will not, however, be the same in both 
cases, although the computations are readily made with (54) 
and (64). | 


SKIN EFFECT ON UNIFORM FLAT STRIPS OF INDEFINITELY 
GREAT WIDTH 


The problem of skin effect in flat strips, of indefinitely great 
width, remote from disturbing alternating magnetic fields, seems 
to have first been solved Бу" отга Rayleigh" іп 1886, and solutions 
have been given in various forms by a number of writers since 
that date. The steps in the demonstration are, however, pre- 
sented here, because the forms of the final results are believed to 


15. Pender, Bibliography No. 101. 
16. Bibliography, No. 6. 
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offer particular advantayes for engineers. Let A B Cc ba, Fig. 
26, be one edge of a long wide and flat strip, of uniform conductor, 
whose midplane is at 00,02. The length of the strip is parallel 
(о 00,, ВС, ог bc. Тһе breadth across the strip is parallel to 
0.05, СЕ or ce. Between the cross sections at B Ob d B and 
С О, се Е there is supposed to be a length of 1 cm. of the strip. 
The half thickness of the strip OB, or О.С, is taken as X cm. and 
any laver P P, Р» in the strip has a distance of x ст. from the 
midplane. Let y be the conductivity of the metal, in abmhos 
per cm., и the uniform permeability, w the impressed angular 
velocity of the sinusoidal current in the steady state, in the 
direction А BC. Then, if the current density at the layer x 
is 4, absamperes per sq. cm. as indicated by the arrow, the 
magnetic intensity 20, will vanish at the midplane, will increase 
_lefthandwards as we increase x positively, and also increase 
righthandwards as we descend to the lower surface at x = — X, 
Then, if we consider an elementary laver of thickness dx cm. at 
P P, Р», the magnetic flux density on the top of this laver will 
be greater than that at the bottom, the difference being, by elec- 
tromagnetic theory: 


18, -4тш1,-ах gausses Z (85) 
or 
gausses 


d, 
cm. depth 


dx 


= 4 T H 1: Z (86) 


The increase of electric intensity dy, in the layer is 


4%, abvolts 
dyn: = up х=) @ Be dv=p. dis E (87) 
di; , QG; _. vg _absamperes Z (88) 
х7 p 7 Y E cm.depth cm.? 


Differentiating (86) with respect to x and substituting (88) 


d° (8, 
d x* 


gausses 
= = (у a Pe aaa 
GAT уро @, = AR, cma Z (89) 


where the propagation constant 
а = Уј4туро = ViT YH c /45 
= Vamryuo--jv2mT'yyco:-as-4jas cm. ! Z (90) 
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Differentiating (88) with respect to x and substituting (86), 


d? 4, absamperes 


"T ru 
"ES jmT'yuon-oi а Z (91) 
The solutions of (89) and (91) are 
4, = A, cosh ax + В, sinh ax absampcres 
sq. cm. 
Z (92) 


Atx = X, 1X = A,coshaX + В, sinh aX “ & / (93) 
atx = —X,i1.X = Acosh (-аХ) +В, sinh (—aX)“ “ Z (94) 
= A,coshaX — B,sinh (aX) “ “ 7 (95) 


But 7, must have the same value in (93) and (95), which can only 
be satisfied with B, = 0. Consequently 


| abs: ‹ 
iz = A, cosh ax T ay (96) 
sq. cm. 


where ax is a semi-imaginary quantity, or has /45° as an argu- 
ment. Dividing by (93), with B, = 0, we obtain 


1 1. 1 cosh ax А 
—— = — ш — = ——— numeric Z (97) 
Les Py 1% cosh aX 


where the subscripts m indicate maximum cyclic, and the sub- 
scripts r root-mean-square valucs. 
The average r.m.s. current density over the cross-section is 


x x 
. 1 . Ра 1 1X, 
lor = — 1X, r dx= = + — : со. ах · dx 
id X ’ .X cosh aX | 
0 : 


4 


absamperes 
me A (98) 
sq. cm. 
1 1X, : : . tanha X 
mS qe ж, {== сар ам Х = "a = 
aX coshaX SUE A aX 
absamperes Z (99) 


sq. cm. 
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But iX, = Y nX, is the uniform current density which the im- 
pressed e.m.f. would produce over the entire cross-section of the 
strip at zero frequency. Hence 


TX, 4Хл 2 _ aX ; 
(эш cem т т: numeric Z (100) 


When aX has a modulus greater than 6.0, tanh aX = 1.0 /0° 
very nearly, and 


= Gar numeric Z (101) 


Тһе skin-effect impedance ratio being a@X/tanhaX, let 
this complex quantity be 


-5- = M/B numeric ¿Z (102) 
Then 

R’ 

ее М cos В numeric (103) 
and 

L’w | 

= M sin B numeric (104) 
Dividing by a, 

5 = a sin В seconds (104 a) 


AS an exiedple we may take the case of an indefinitely wide 
copper strip 0.2 cm. thick and operated at a frequency of 2183~; 


so that 
= 1 | ° __ қо 
ТЕН гә 272183 /45° = 10 /45%. 
Then X = 0.1 cm. and aX = 1.0 /45°. 


By Tables," tanh 1.0 /45°= 0.9308 /27?.044 ` 


17. Kennelly, Bibliography No. 99. 
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ЕЛЕК с 
оша R 7 0.9308 /27°.044 074 / 177.95 


, 


— 1.022 + j 0.331; ава = 1.022 


The skin effect resistance ratio is therefore 1.022. 
Again, using (97) and (100) 
1хт 1» _ ОХ h || cCosh ax 
dam ^ ide SNH AX” ^ /sinh aX 
( aX ) 
numeric Z (105) 


The complex 223 has been tabulated and charted for the 
argument /45° up to [аХ| = 3.0. Thus in the case considered, 
Big un CE Ld ODER аа co chat лін 
by Ta о абы /9°.531; so that in this case 

— = 0.9945 N9°.531 cosh ax numeric Z (106) 


qr 


At the midplane, where x = 0, and cosh 0 /45° = 1.0 /0°, the local: 
current density is about 0.5 per cent. less than the average cur- 
rent density and lags behind it 9°.5. At the surface, where 
X = 0.1, and aX = 1.0 /45°, cosh 1.0 /45° = 1.080 /27°.487; so 
that tir = 1.074 /17°.957 and the surface current density is 
97 
7.4 рег cent greater than the average and leads it nearly 18°. 
The external skin thickness 6 cm., which, carrying the surface 
current density 2А,, would be the equivalent of the half thickness 
of strip carrying the average current density Т, is defined by the 
condition 


6 R | 

у = р numeric (107) 

or 
R 

ó = X RÀ cm. (108) 

or 
tanh аХ X 
6 шш a COS B cm. (109) 


1915] SKIN EFFECT IN CONDUCTORS 1303 


For frequencies sufficiently high to make |«Х| > 6.0, this approxi- 
mates closcly to 


6 = A V2 = : cm. (110) 


Qt 


tanh 1.0 /45° 
1.0 /45° 

\17°.956, and ó = 0.09308/cos (17°.956) = 0.009308/0.9513, 

= 0.0978 cm., approaching more and more nearly to 1/0: ст. 


as the frequency increases. 
Returning to (89), the solution for ®, is 


Thus, in the case considered, is, by Tables, 0.9308 


В, = А, cosh ax + В. sinh ax gausses Z (111) 


where a, аз before, stands for the semi-imaginary 

VAT yu o /45° = as + jas cm.^! Z 
In order that 8, = — ($.,; 1.6. that the flux-densities at opposite 
surfaces shall be equal and opposite it is necessary that А: should 
vanish, and this leaves 


(B, = @> sinh ax gausses Z (112) 
and 


Kem Fir (В,, sinh ах | 
Ex А „л Ре I me QI ic Z (113 
dU Jos, (уу sinh aX йел (113) 


The r.m.s. surface flux density @.X,1s determined by the fact that 
if J, is the r.m.s. value of the current per unit breadth of strip, 
in absamperes per cm. 


Br = 2 T u 1 . gausses Z (114) 
and 
a = s us Е 1, 1 n ` Q 
в, sinh aX | sinh ax gausses Z (115) 


Thus in the case considered, if the r.m.s. current carried 1$ say 
1 ampere рет cm. of breadth, Г, = 0.1 /0°, sinh 1.0 /45° = 1.0055 
/54°.531. Hence 


0.6283 /0° 


Ser = 1.0055 /54°.531 


- sinh ax gausses Z (116) 
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At the midplane where x = 0, sinh ax = 0/45°, and (6%, = 
0\9°.531, i. e. vanishing flux density, lagging 9.°53 behind the 
phase of average current. 

It will thus be observed that the change in form of a linear 
conductor from a solid cylinder to a wide flat strip, has the effect 
of substituting hyperbolic functions of a semi-imaginary variable 
ax for Bessel functions of a closely related semi-imaginary 
variable ох where |а| = |o, апа œ = j оо, the form of the 
fundamental equations (42) —(97) and (43) —(113) remaining un- 
changed. | 

As was first pointed out by Steinmetz!3, the conditions of cur- 
rent density as we penetrate into the strip, correspond to those of 
current strength in a long pair of parallel a-c. lines, with distri- 
buted constants, a millimeter of depth corresponding perhaps 
to hundreds of kilometers of line length. In fact, formula (97) 
is identical with that which expresses the current strength at any 
point of a pair of wires in a telephone cable, with negligible 
inductance and leakance, short circuited at the distant end, which 
then corresponds to the midplane in the strip. Similarly, formula 
(113) for the ratio of magnetic voltage gradients in the strip, is 
identical with the formula for electric voltages across such a pair 
of wires. The propagation constant о is а semi-imaginary in 
each case, the linear leakance corresponding to conductivity, 
and linear resistance to permeability. Just as in the cable, the 
wave length 1519 


A= и 2 У2т length units (117) 
Ole [1 


so in the strip, the wave length is given by this formula, cm. or 

the c.g.s. length unit being employed. Thus, in the case con- 

sidered, where œ = 10 /45°, and аз, the imaginary component 

6.283 1.414 

of æ is 7.071, |a] = 10, and А = 22% ХО = 0.8885 cm. 

That is, the rate of change of phase in the propagation of electric 

and magnetic intensities as we penetrate the strip, is one complete 

cycle, or 360 degrees, for 0.8885 cm. 1.e. 405° per cm., and 40°.5 per 

mm. Reflections from the midplane in a shallow strip, disturb 
18. Bibliography No. 66. 

k 19. Bibliography No. 84. 
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this relation, which tends to be presented more nearly accurately 
as the thickness of the strip is increased. 

The skin-effect theory of indefinitely wide strips, as outlined 
above, appears to be of but little service in the actual use of 
ordinary copper-strip conductors, owing to the large disturbing 
magnetic effects at the edges. It is, however, useful in relation 
to the use of copper-tube conductors, and especially when these 
have large diameter and thin wall. The wall thickness X cm. 
should then correspond to the half-thickness X of a wide strip”; 
since the flux density must vanish at the inside wall of such a tube. 

There is, however, another reason why the above skin-effect 
theory of strips should be considered, in spite of its very imperfect 
application to narrow strips; namely, because it applies with but 
little modification to the important case of magnetic skin effect in 
steel strips or laminae of sheet steel, if the permeability can be 
taken as constant at an average value. The discussion of that 
theory is out of place here; but it may be permissible to point 
out that formula (97) applies to the magnetic lamina case, when 
flux densities (8, and (8, substituted for current densities i, and 
ix, and formula (93) likewise applies to the magnetic case, when 
electric current densities і, and 1х are substituted for В, and @x. 
That 1$, the theory of the magnetic strip case follows the same 
course as that of the electric strip case, above outlined, when 
magnetic and electric flux densities are mutually interchanged. 
Formulas (99), (100), (109), (110), (113) and others, then apply 
to both cases. It is evident that complex hyperbolic functions 
are a natural key to the actions in both cases. 


EMPIRICAL FORMULA FOR NARROW STRIPS 1.6 mm. THICK 


The curves of Fig. 10, present the resistance ratios of three 
widths of 1.6 mm. copper strip up to 5000 ~ at 60 cm. spacing. 
From these curves an approximate empirical relation has been 
found between about 1000 and 5000 ~,namely 


, 
R = 0.308 f"?! 200163 numeric (118) 
where f is the impressed frequency, and о) the strip width in cm. 
This empirical formula is clearly inapplicable at low frequencies; 
but serves to indicate the effect of increasing strip width for the 
range covered in these tests. 

20. Bibliography No. 101, p. 1284. 
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LIST OF SYMBOLS EMPLOYED 


A external inductance of a test loop (abhenrys). 

А, В, arbitrary constants of electric current density in integra- 
tion equation (absamperes рег sq. cm. £). 

A’, B', arbitrary constants, magnetic intensity in integration 
equation (gilberts per cm. Z ). 

A,, B,, arbitrary constants electric current density in integration 
equation (absamperes per sq. ст. £). 

А», В», arbitary constants magnetic flux density in integration 
equation (gausses Z ). 

a, length of a rectangular loop (cm.). 

a = VAm 'y u e /45° propagation constant for a flat strip, а 
positive semi-imaginary (ст.7! 2). 

ay = VAT Y pw M3? propagation constant for a solid cylinder, 
a negative semi-imaginary (ст.714). 


927 propagation constant for а stranded cylinder, a 
negative semi-imayinary (ст.7! 2). 

Qt, imaginary or real component of a semi-imaginary propa- 
gation constant (cm. 71). 

8, argument of a complex number expressing a skin-effect 


| impedance ratio (radians or degrees). 
(B,, Вт, Ber, instantaneous, maximum cyclic, and r.m.s. values 
of flux density at point of radius x (gausses Z ). 


b, interaxial distance between two parallel wires (cm.) 
vy = 1/p, electric conductivity of material (abmhos per cm.) 
С, skin-effect inductance ratio L'/L (numcric) 

d, diameter of round conductor (cm.) 


also sign of differentiation. 
thickness of skin carrying the same current at surface 
flux density as the whole cross-section at varying 
densities (cm). 
also the argument of a complex quantity z, Ó in a Bessel 
function (radian or degrec). 
e = 2.71828... Napierian base. 
Nz) "him "n5, instantaneous, maximum cyclic and r.m.s. values of 
electric intensity at point of radius x (abvolts per cm. 2) 
Nx, Nxm, Nxr, Instantaneous, maximum cyclic and r.m.s. values of 
electric intensity at surface of radius X (abvolts per 
cm. Z). 
T; frequency of impressed alternating current (cycles per 
sec.) 


Qo 
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Ki, Hem, zr, instantaneous, maximum cyclic and r.m.s. values of 
magnetic intensity at point of radius x (gilberts per 
cm. Z). 

I4, Ix, r.m.s. alternating currents in the sides of a Heaviside 
bridge (amperes 2). 

Im, Ir, maximum cyclic and r.m.s. values of alternating cur- 
rent in a conductor (absamperes Z ). 

ix , Ix m ix r, instantancous maximum cvclic, and r.m.s. values of 
current density at surface of radius X (absamperes 
per sq. cm. Z). 

1, lem, ler, INStantancous maximum cvclic, and r.m.s. values of 

current density at radius x (absamperes per sq. cm. <). 

tq, Тат, i47, instantaneous, maximum cyclic, and r.m.s. values of 
vector average current density over cross-section 
(absamperes per sq. ст. Z). 

j= V -i 

Jo (z) zero-order Bessel function of first kind, for a vari- 
able z (numeric). 

Ко (2), zero-order Bessel functior of second kind, for a variable 
z (numeric). 

Ji(z) first-order Bessel function of first kind, for a variable 
z (numeric). 

К, (2), first-order Bessel.function of second kind, for a vari- 
able z (numeric). 


K, twice the mutual inductance per turn of the secondary 
winding in Heaviside bridge (henrys per turn). 

k, twice the resistance of one cm. length of Heaviside- 
bridge slide wife (ohms per cm.). 

L, linear internal inductance of conductor in test loop 
without skin effect (abhenrys per linear cm.). 

L, inductance of the test loop at zero frequency (henrys 
or abhenrys). 

L^ inductance of the test loop at test fequency, with 


skin-effect (henrvs or abhenrys). 
also linear internal inductance of conductor at test 
frequency, with skin-effect (abhenrys per linear cm.). 
L'',, L''x, inductance in the P and X arms of a Heaviside bridge 
(henrys). 
L',, L'x, inductances іп the P and X arms of a Heaviside bridge 
excluding slide wire (henrys). 
lo, reading on Heaviside-bridge slide wire with loop short- 
circuited (cm.). 
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reading on Heaviside-bridge slide wire with loop inserted 
(cm.). : 

total length of slide wire in Heaviside bridge (cm.). 

wave-length of propagation (cm.). 


M = |Z/R|, modulus of a complex number expressing a skin- 


Wa № 
| 


R' 


,” 
КЬ, 


effect impedance ratio (numeric). 

permeability of a substance to magnetic force [gausses 
per (gilberts per cm.)]. 

also twice the inductance change per cm. of Heaviside 
bridge slider abhenrys ‘ст. 

a constant cocfficient of the variable in a Bessel func- 
tion (numeric Z ). 

mutual inductance in a Heaviside bridge wire (henrys). 

mutual inductance in a Heaviside bridge wire for 
balance with loop shorted (henrys). 

mutual inductance in a Heaviside bridge wire for 
balance with loop inserted (henrys). 

the general term number in an expanded series, also 
ratio of amplification of cross-section in stranding a 
conductor (nmumcric). 

number of turns in secondary of mutual inductance in 
Heaviside bridge wire for balance with loop shorted 
(numeric). 

number of turns in secondary of mutual inductance in 
Heaviside bridge wire for balance with loop inserted 
(numeric) 

order of a Bessel function. 


= 3.14159.... d 


resistance to continuous currents of the test loop with- 
out skin effect (ohms). 

also linear resistance to continuous currents of the test 
loop (absohms per linear cm.). 

resistance to alternating currents of the test loop with 
skin-effect (ohms). 

also linear resistance to alternating currents of the test 
loop with skin effect (absohms per linear cm.). 


x’’, resistances in P and X arms of a Heaviside bridge 


(ohms). 


R,', Rx’, resistances in P and X arms of a Heaviside bridge 


excluding slide wire (ohms). 


r.m.s., contraction for root-of-mcan-square. 
р = 1/7, resistivity of material (absohms cm.). 
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t, time elapsed from a selected epoch (seconds). 

w, width of a flat strip (cm.). 

X, external radius of a cylindrical conductor (cm.). 

*, radial distance of a point оп a cylindrical cross-section 

| from the axis (cm.). 

X, half thickness of a flat strip conductor (cm.). 

X, total radial thickness of the wall of a tubular conductor 
(cm). 

Xx’, linear reactance of conductor in test loop, with skin- 
effect (absohms per linear cm.). 

X, equivalent external radius of a stranded cylindrical con- 


ductor (cm.). 
Z = В’ + j X”, linear impedance of conductor in test loop with 

skin-effect (absohms per linear cm. Z ). | 
Zw £u, £p, Zx, impedances in the four arms of a Heaviside bridge 


(ohms Z ). 
w = 2mf, angular velocity of impressed alternating current 
(radians per second). 
~, sign for “ cycles per second.” 
izl, sign for the modulus of a complex quantity z (numeric) 
2 sign for the argument of a complex quantity z (radians 


or degrees). 
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DEISEL ENGINES FOR GENERATOR DRIVE 


BY CHARLES LEGRAND 


ABSTRACT OF PAPER 


The author describes some investigations made in Europe 
of Diesel engines of large capacity, with a view to their suita- 
bilitv for driving generators of 500 to 1000 kw. capacity under 
conditions prevailing in mining camps in the Southwest. 


ATE in the year 1912, the writer investigated the suita- 

bility of Diesel engines for driving generators of 500 kw. to 

1000 kw. capacity under conditions generally prevailing in min- 

ing camps in the South west. At that time no American made 

engines of sufficient size were available and the investigation 
was carried on in Europe, mostly in Belgium. 

Four-cycle engines of 175 effective b.h.p. per cylinder, had 
been in use for several years and the results of their operation 
known. Cylinders of 250 effective b.h.p. were made but I did 
not see any. 

T wo-cvcle engines of 250 effective b.h.p. per cylinder, had been 
in operation for a short time, but no data as to maintenance or 
repairs was avallable. Engines with cylinders of 600 effective 
b.h.p. were under construction after shop experiments had been 
carried on with one single cylinder of that size. One cylinder of 
1000 effective b. h.p. was being experimented upon, and builders 
were ready to take orders for engines using this size cvlinder. 
All of the above cylinder ratings were for sea level conditions. 
The four cycle engines inspected had trunk pistons air cooled. 
The two cvcle engines had water cooled pistons with cross-head 
and slides. | 

All engines used forced lubrication for cylinders. Both tv pes 
were used successfully to drive alternators in parallel, the 
generators being equipped with damping windings. For a given 
number of cylinders, the four-cycle engine required a heavier 
flvwheel. Heavy oils could be used in both types with proper 
arrangement for heating the ой and using а hght oil at start 
and finish of a run. 


Manuscript of this paper was received July 15, 1915. 
1815 | 
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The fuel consumption per b.h.p. of a four-cycle engineis from 
7 per cent to 10 per cent less than that of the two-cycle engine, 
depending on the load and, for both types, is practically inde- 
pendent of the size of the engine. 

The four-cycle engine is simpler, having no scavenging pump 
or moving water connections to the piston. 

The two-cycle engine has no exhaust valve, the exhaust taking 
place through ports in the cylinder wall; this is ап advan- 
tage when using oil containing sulphur, as the exhaust valve 
is principally affected when sulphuric acid is formed in the 
cylinder and condenses on the seat of the exhaust valve, requiring 
frequent grinding of this valve. | 

The scavenging pump is an advantage on engines to be used 
at high elevations, as by increasing the size of this pump, the 
pressure in the cylinders at the beginning of the stroke can be 
increased above atmospheric pressure and restore sca level 
conditions, if found advisable, at a comparatively small in- 
crease of fuel consumption. This could be done оп four-cycle | 
engines by the addition of an air pump, but would complicate 
this type of engine. 

The lubricating oil consumption of four-cycle engines is higher 
per horse power than that of the two-cycle engine. The total 
consumption of lubricating otl of a 525-h.p. three-cylinder, four- 
cycle engine in actual practise being approximately five gallons 
per b.h.p.—year of engine rating, while that of a five-cylinder 
two-cycle engine of 1250 b.h.p. is 2.5 gallons per b.h.p-vear, 
both being on sea level rating of engines and for continuous 
service. 


The proportion of cylinder oil to engine oil used in the two- 
cycle tvpe seems to be greater than in the four-cycle. In the 
four-cycle, the cylinder and engine oils used are about the same, 
according to builder’s statements, while in the two-cycle, the 
cylinder oil is approximately twice the engine oil from actual 
practise during three months. 

The four-cvcle engine takes а little more room and 15 heavier 
than the two-cycle engine of the same power. 

Briefly stated, the advantages of the four cvcle engine were; 
well established type with known maintenance and repair costs, 
smaller fuel consumption, greater simplicity; those of the two 
cvcle engine were; less lubricating cost, steadier running, less 
liability of trouble from sulphur in fuel oil, greater output per 
cylinder, less cost per horse power especially at high altitudes. 
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After due consideration, the company with which І am соп- 
nected decided to try the two-cycle engine in actual practise, 
and two five-cylinder engines rated at 1250 b.h.p. at seal level, 
direct connected to 815-kv-a. 6600-volts, three-phase, 180- 
revolution generators, were installed. One of them has been 
in operation since December 1914, and the other since March 
1915; the load at present is so small that only one engine is 
operated at less than 25 per cent capacity, and it is too early 
to give any results of operation; however, from the numerous 
tests which we have made parallel operation is quite easy. 

The exciters are direct connected to engines and run in parallel 
on the regulator. 

Before paralleling the generators, the exciters were run in 
parallel for half an hour, one engine having a slightly variable 
load of 90 kw. and the other no load. The variation of load 
on the two exciters did not exceed 10 amperes from the average 
of 90 amperes. 

The two generators were then paralleled on a total load of 
90 kw. and the variation of load between engines could hardly 
be seen on indicating wattmeters. After a sufficient length of 
time to satisfy ourselves that there was no difficulty in parallel 
running, we cut off the fuel supply on one cylinder of one engine, 
then on two cylinders. With one engine running on three 
cylinders and the other on five cylinders the load varied ap- 
proximately 30 kw. between the two engines, after the governor 
had been adjusted to divide the load about equally. This test 
was then repeated after increasing the total load to 200 kw., 
with the same results. Later on, the two engines were connected 
in parallel, then the fuel supply was cut off altogether on one 
engine, running its generator as а motor; the fuel supply was then 
‘put on again, but we have been unable to make the generators 
fall out of step and they behave much better than any compound 
steam engines with which the writer has had experience. The 
current readings were too small to get reliable data on interchange 
of current between generators. 

The engines use California crude oil of about 16 deg. B gravity, 
heated to 120 deg. fahr. by means of the circulating water of 
the engines, except at start and finish of a run, when a lighter 
oil is used so that it will flow when cold. 

The writer hopes to be able to publish some operating data 
after the engines have been operated for a few months more. 

Regarding cost of installation as compared to a steam plant, 
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this has to be figured for each particular case. Тһе character 
of the load has an important bearing on the total capacity of 
generating machinery to be installed. 

With a steady load the total capacity of units is practically 
the same, as both have the maximum efficiency at rated load. ` 

With a variable load subject to high peaks, the Diesel engine 
plant would require a greater capacity than the steam plant, 
as like all internal combustion engines, the Diesel engine has little 
overload capacity. 

With conditions prevailing generally in Arizona, on rated 
capacity of plant installed for total power between 1000 and 
2500 kw. the cost of a Diesel engine plant compares favorably 
with a high grade steam plant using condensing Corliss engines, 
superheater and economizer in boiler plant. 

In designing a Diesel engine plant it is well to remember 
that the fuel consumption per effective b.h.p. is practically in- 
dependent of the size unit used, that an engine can be started 
and put under full load in a very short time so that a greater 
number of units can be used if it suits the load conditions better. 


To be presented at the Panama-Pacific Conrention of 
the American Institute of Electrical Engineers, 
San Francisco. Cal., September 17,1915. 
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A LARGE ELECTRIC HOIST 


BY WILFRED SYKES 


ABSTRACT OF PAPER 


The paper describes an electric hoist recently installed in a 
mine at Butte, Mont., having a depth of shaft of 4000 ft., net 
weight of load 14,000 lb., weight of skip and cage, 9000 Ib. and 
maximum  hoisting speed 3000 ft. per min. Some results of 
operations are given. This hoist is of special interest as being 
the largest electric hoist in the world and containing some import- 
ant departures from previous practise. 


HE MINING conditions in Butte require the handling of 
large quantities of ore from depths of 2000 to 4000 ft. 

and eventually from 5000 ft. In the past steam hoists were 
used, but the difficulty of getting good water supply, and the 
high cost of fuel, made their operation expensive. Cheap hydro- 
electric power is available, and a few years ago an attempt was 
made to decrease the cost of operation and stil utilize the 
greater portion of the existing hoists, by arranging them for 
compressed air operation. A central compressor plant was 
installed, the compressors being driven by synchronous motors 
for supplying the air not only to the hoists but for other under- 
ground operations. Although the central compressor station 
is the largest in existence, the supply of air is not altogether 
adequate and with the continually increasing requirements for 
underground working, the alternative had to be faced of either 
increasing the compressor station, if new hoists are added, or 
of driving new hoists by some other means. The use of com- 
pressed air is attended by all the usual difficulties of trans- 
mission, leakages, etc and in order to obtain its economical 
operation preheaters are necessary for each hoist which re- 
quire the use of fuel and labor to fire them. The air hoist 
has the same characteristics as the steam hoist, and 1s there- 
fore not very satisfactory from the standpoint of maneuvering. 
It has of course a large number of wearing parts, requiring 


attention and the maintenance is at least as high as the steam 
hoist. 


Manuscript of this paper was received July 20, 1915. 
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Recently the North Butte Mining Co. put into operation a 
new shaft and after a consideration of the various factors it 
was decided to use an electrically driven hoist instead of com: 
pressed air. Тһе new shaft will be finally sunk to a depth of 
5000 feet and the requirements of the hoist are representative 
of the conditions in the Butte field. The operating conditions 
are as follows: 

Depth of shaft—4000 ft., eventually 5000 ft.; Net weight of 
load, 14,000 1Ъ.; Weight of skip and cage, 9000 1Ъ.; Size of 
rope, 13-in.—4.1 lb. рег foot, Drums, 12 ft. in diameter. 
Maximum hoisting speed 3000 ft. per minute. Normal hoist- 
ing speed 2700 ft. per minute. 
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HORSE POWER 


TIME IN SECONDS 
Fic. 1— NoRTH BuTTE MINING COMPANY HIOST CYCLE 


To meet the above conditions it was estimated that the 
load on the motor for the various depths would be in accord- 
ance with the diagram, Fig. 1. These estimates show that 
the power peaks will be approximately 4500 h.p., and, under 
the conditions that power is purchased in Butte, the cost would 
be excessive if a hoist operated by an induction motor were 
installed. Apart from other conditions of operation, this feature 
alone was sufficient to eliminate an alternating-current motor 
drive for the hoist. It was therefore decided to use a flywheel 
motor-generator set which would limit the input to the equip- 
ment, the peaks being carried by the flywheel. It was not 
attempted to install a flywheel of sufficient capacity to com- 
pletely equalize the load as this would have required a much 
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larger wheel than the one installed and the continuous losses 
would have been very greatly increased. It was estimated 
that by the use of a 50-ton flywheel the input to the hoist 
could be limited to the following figures during normal operation: 
Depth—2000 ft. 3000 ft, 4000 ft. 
Input—1250 h.p. 1420 h.p. 1850 h.p. 

The efficiency of electric hoisting with this svstem is naturally 
lower than if the power were utilized more directly, due to the 
conversion and friction losses. The elimination of the elaborate 
controlling apparatus, that would be necessary, the absolute 
control over the speed of hoisting, the generally more satis- 
factory results, and the elimination of high peaks are sufficient 
compensation for the extra power required. The calculated 


KILOWATT HOURS PER TON 


PERCENT OUTPUT 


Fic. 2— Мовтн BUTTE MINING COMPANY—POWER CONSUMPTION CURVES 
OF HoIST 


efficiency of operation is shown in Fig. 2, which shows the 
power input per ton hoisted from various loads. Consider- 
able importance is attached to the reduction of the light-load 
losses to a minimum, as the flywheel motor-generator set runs 
continuously, only shutting down about once a month for 
cleaning, etc. Consequently the lower the light-load losses 
the higher would be the general overall efficiency of the equip- 
ment. The mining conditions in Butte call for hoisting at 
full capacity for four or five hours at a time twice each day. 
The remainder of the period of hoist is handling waste, timber 
and теп. Guarantees under very heavy penalties were there- 
fore required for the light-load losses and as they could be 
readily measured there was no difficulty in checking the manu- 
facturer's figures. Estimates of power consumption per ton 
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of material hoisted cannot be readily checked without special 
efforts being made to operate the hoist exactly on the cycle on 
which the estimates are based, and as it is almost impossible 
to determine accurately the mechanical efficiency of the hoist, 
such tests could not be relied upon to check the efficiency of the 
apparatus. From the individual efficiency curves of the ma- 
chines and the known light load losses, the power required 
under any stated condition can be readily calculated. 

The hoist consists of two drums, each fitted with a clutch, 
post brake and band brake. Тһе drums are mounted оп a 
shaft supported by three bearings, the shaft having a flanged 
coupling to connect to the motorshaft. The clutches and post 
brakes are operated by oil cylinders, the pressure being supplied 
by an accumulator with an electrically operated triplex pump. 
The band brakes are operated by hand wheels. All of the 
operating levers are grouped on a large elevated platform 
with double stairways. The control and reverse levers are 
separate, but so interlocked that when the control lever is in 
the “оп” position the reverse lever cannot be moved. 

The safety devices include a mechanism for moving the 
control lever to the “ off" position when the skip has reached 
a predetermined point, holding this lever in this position until 
the reverse lever has been moved to its opposite position, the 
operator being thereby prevented from starting the hoist in 
the wrong direction. 

There are two solenoids which automatically apply the post 
brakes if the skip is carried too far after the current has been 
cut off. 

An indicator with a large dial is provided for each drum, and 
for accurately spotting the skip or cage, the brake rings on 
the drums next to the middle bearing are extended 8 in., afford- 
ing a large surface on which to paint marks. 

On the platform there are mounted in front of the operator 
a panel holding a voltmeter and an ammeter, also a target 
which is connected to the reverse lever showing which drum is 
hoisting. Grouped around the sides of the platform are the 
signal gongs, lights and telephone. 

The drums аге 12 ft. in diameter by 9 ft. 4 in. face, each with 
turned grooves to hold 5000 feet of 15-11. rope in two layers. 
The drum shell, brake rings and spiders are made of cast steel, 
the latter being fitted with heavy bronze bushings, each 


bushing being provided with four large grease cups for lubrica- 
tion. 


PLATE CXIX. 
А. |. E. E. 
VOL. XXXIV, NO. 8 
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[SYKES ] 
Fic. 9—FiyWHEEL MOTOR-GENERATOR SET AND CONTROL APPARATUS 
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The clutches are of the flat friction type consisting of two 
heavily ribbed annular rims faced with wood, supported on a 
six-arm spider keyed to the shaft. These rings clamp a flat 
steel plate bolted to the drums and are moved by six sets of 
toggle arms connected to a sliding sleeve and rock shaft and 
operated by an oil cylinder. All of the parts of the clutches 
are made of steel. The clutches are designed to take a load 
of 50,000 pounds on a 12-ft. diameter, and all of the parts are 
figured for a factor of safety of not less than eight. The clutches 
and the motor were subjected to a load of two and a half times 
their rated capacity and under this load developed no weakness. 

The post brakes are made of plates and angles in the form 
of a box girder and are lined with basswood blocks readily 
renewed. The post brakes are the parallel acting type applied 
by gravitv and released by oil cylinders. 

The band brakes are for emergency service and are operated 
by means of hand wheels and screws. Proper provision has 
been made for operating these by power later on if desired. 

The bearings for the drum shaft are of the pedestal уре 
with quarter boxes adjusted both vertically and horizontally. 
Thev are lubricated by a continuous gravity feed oiling system 
with the necessary tank, filters and pump, the latter being 
driven directly from the drum shaft, oil being supplied to the 
bearings whenever the hoist is in operation. 

The drum shaft is of open hearth forged steel, 22 in. in di- 
ameter by 40 ft. 53 in. long, and has a flanged coupling forged 
at one end to be connected to the motor shaft. All of the 
operating connections and auxiliaries are placed on or above 
the floor level in full sight of the operator, sothat any derange 
ment of any of the working parts can be quickly observed. 

The combined weight of the drum shaft with the two drums 
and two clutches is 300,000 pounds. The radius of gyration 
is 4.86 feet. The general construction of the hoist 1s shown 
in Fig. 3. 

The hoist is driven by a direct-connected direct-current 
motor running at about 71 rev. per min. normal, which is 
mounted on sole plates built into the foundations. Fig. 4 
shows the principal dimensions of the motor, and the heavy 
construction of the mechanical parts will be particularly noted. 
The motor is wound for 600 voltsand has 16 poles. The arma- 
ture is 10 ft. in diameter, the outside diameter of the frame 
being 14 ft. 1 in. The motor will develop 5000 h.p. for short 


1824 SYKES: ELECTRIC HOIST (бері. 17 


periods without injury and particular care is taken to build a 
machine that would stand high temperatures without injury. 
The frequency of hoisting and the duration of the hoisting 
period is somewhat uncertain, and as a factor of safety, mica 
and asbestos insulation has been used throughout the machine. 


Fic. 4 


The armature coils are all mica insulated and the field coils 
are copper strap wound on edge, with asbestos insulation. 
The insulation is such that an ultimate temperature of 150 
deg. cent. could be carried without injury. For hoists of this 
size it is important to guard against failures of insulation due 
to temperature as the ventila- 
tion of the motor due to the 
periods of rest and the slow 
speed when running 1s not 
particularly good. The total 
weight of the rotating part 
of the motor is approximately 
70,000 pounds and the radius 
of gyration is 4.1 ft. The 
motor is separately excited 
at 250 volts. The tests con- 
ducted on the machine show 
high efficiency for a machine of this type and are given in Fig. 5. 

The motor generator set supplying power to the hoist motor 
is driven by a 1400 h.p., 2200-volt, 60-cycle induction motor, 
14 poles, running at a maximum speed of about 505 rev. per 
min. The generator is designed to deliver about 6000 amperes 
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-during period of acceleration at a maximum of 600 volts. It 
is connected solidly with the motor, the control of the speed 
and the direction of rotation being by means of the excitation 
on the generator. To enable the peak loads to be satisfac- 
torily commutated, on account of the high speed, a commuta- 
ting machine with interpoles was built. The armature has a 
diameter of 66 in., and the field has 10 poles, so that during 
acceleration peak period 1200 amperes are collected by brush 
arm. The generator is arranged for separate excitation at 
250 volts, from the direct-connected exciter. As the speed 
of the set varies during operation and it is desirable to main- 
tain a constant exciter voltage, an automatic voltage regulator 
was installed for this purpose. Mounted between the motor 
and the generator is a steel plate flywheel having a diameter 
of 12 ft., and a weight of 100,000 pounds. The peripheral 
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speed of the wheel is about 19,000 ft. per min. and it is built 
up of steel disks cut from solid plates, the disks being held to- 
gether by rivets. The wheel is shrunk on the shaft and finished 
all over. It is protected by a case which completely encloses 
it. This case reduces the windage very appreciably and also 
affords mechanical protection. The flywheel is carried by two 
water cooled gravity feed lubricated bearings 18 in. in diameter 
by 46 in. long. In spite of the high bearing speed of about 
40 ft. per sec., the bearings run quite cool. The flywheel and 
its shaft are built up as a unit, the shaft having a forged flanged 
coupling at each end to which motor and generator are coupled. 
In case any repairs are necessary to the motor or generator, 
the rotating parts can be removed without disturbing the fly- 
wheel. The whole of the set is mounted on a bedplate built 
into the foundation. The speed of the set during operation 
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is controlled by an automatic slip regulator which has been 
previously described.* The slip regulator also is used for 
starting the set and the input for which it is adjusted can be 
readily changed by varying the amount of the counterweight. 
As previously mentioned, the hoist operates for periods of 
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three or four hours at a time at full capacity and during the 
remainder of the time the work 1s decidedly intermittent. 

Fig. 7 shows the input to the a-c. motor driving the flywheel 
set when running at regular hoisting. It will be noticed that 
the slip regulator limits the maximum input during each period 
to practically the same value, and that between trips the loads 
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drop down to practically the friction load of the set. This is 
due to the fact that the interval between trips is longer than 
is necessary to bring the flywheel up to full speed. A typical 
days work shows the following hoisting conditions: 


A.I.E.E. TRANSACTIONS, 1911, Electrically Driven Reversing Rolling 
Mills, by Wilfred Sykes. 
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Trips ее к 93 x аў 131 
Trips hoisting waste........................ 86 
Trips with timber ор ore 13 
Trips with Menis ass ate pieta oe Du Ез 18 


Fig. 8 shows typical cycles when operating under present 
conditions. The hoist at present is working from a maximum 
depth of 2800 ft. and the acceleration peaks are not as high when 
working from 4000 ít. These curves show the direct-current 
volts and amperes, the direct-current kilowatt and the alterna- 
ting-current input. The overall efficiency from these curves, 
including all mechanical and shaft losses as well as electrical 
losses; that is, the ratio of input to the actual work required 
to lift the material is 48 per cent. 

It was estimated when the hoist was installed that the light- 
loud losses would be approximately 126 Һ.р., including excita- 
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tion for the hoist motor, or in other words for the equipment 
in condition to start hoisting. Tests made after installation 
showed that these losses did not exceed the above figure and 
were probably slightly less. The actual input could not be 
determined within one or two horsepower due to variation in 
reading of instruments. The hoist has been in operation con- 
tinuously since the middle of May and has carried the load 
of the new shaft and occasionally the existing shaft during the 
time the old steam hoist was out of commission. 

This hoist is noteworthy as it 15 the largest electrically- 
operated hoist in the United States, and it marks a decided 
departure from previous practise in handling large quantities 
of ore in the metal mining fields. 
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RECENT IMPROVEMENTS IN THE ELECTRIC 
LIGHTING OF STEAM RAILROAD CARS 


BY R. C. LANPHIER 


ABSTRACT OF PAPER 


This paper deals with the axle generator system of clectric 
hghting for steam railroad cars, and describes recent 1mprove- 
ments in control systems for obtaining proper voltage from the 
generator under all conditions and proper regulation of battery 
charge to conserve the life of the storage battery. Methods of 
control depending upon voltage of the battery have not been 
whollv successful. Since the beginning of 1914 extensive use has 
been made of systems of control of the battery charge based upon 
actual input and output in ampere-hours, and one such system, 
which has proved successful, is described. 

In the development of the system of control by ampere-hour 
meter, tests were made by means of a special graphic recording 
ampere-hour meter which gives a complete record of the treat- 
ment received by a storage battery with any axle generator 
system. Actual records from long runs are reproduced, to show 
the results obtained in the operation of the system of control 
of charging by ampere-hour meter... With this system the 
battery has minimum work to do, in most cases operating between - 
points of 75 or 80 per cent of full load and full charge, and 
the lighting load is put on the generator as much as possible. 


HE PROBLEM of supplying a uniform and thoroughly 

satisfactory electrical illumination of steam railroad cars 

is much more difficult than might appear to engineers not 

familiar with some of the problems involved, and which do not 
occur in supplying electricity from a stationary plant. 

Three general methods have been employed in the United 
States and Canada for the operation of electric lights on steam 
railroad cars; the method now most generally used and which 
will undoubtedly come into even more extensive application 
in the future, being that employing a generator suspended 
beneath the car, driven by a belt or chain from one of the car 
axles, and operating in connection with a suitable storage bat- 
tery carried on the car to furnish a supply of current under 
all conditions of train operation. 

The second method 1$ the so-called straight storage method, 
in which each car of a train carries only a storage battery which 
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is charged at certain points enroute or at terminals, from sta- 
tionary charging plants, and which carries the lighting load 
at all times. 

The third method is by means of the so-called head end sys- 
tem, employing a generator in the baggage car or other suit- 
able point in the train, which may be driven either by means 
of a steam engine supplied with steam from the locomotive 
boiler, by means of a gasoline engine, or by direct drive from 
the car axle, in the latter case giving a svstem somewhat similar 
to the first mentioned. 

With the head end system, a small storage battery is some- 
times used on each car of a train, so that the lighting will be 
taken care of when a car is detached from the train, as when 
laid off at astation enroute. In other cases a battery is employed 
on only one or two cars of the train, acting as a reserve when the 
generator is stopped, but not taking care of lights on other 
cars of the train than those having the batteries, in case such 
cars are detached. 

For the purpose of this paper, only the first or so-called axle 
generator system will be considered. There are, and have 
been, many more or less different arrangements of axle generator 
systems; that is, differing as regards the suspension and drive 
of the generator, its electrical characteristics, the relation of 
the generator to the battery, the controlling systems for obtain- 
ing proper voltage from the generator under all conditions, the 
methods of regulating the battery charge, of protecting the 
battery, of regulating the voltage supply to the lamps or other 
devices on the cars, etc. It is not within the scope of this 
paper to consider the many modifications and detail develop- 
ments of axle generator systems, especially as regards the merits 
of the several systems of so-called constant generator current, 
constant battery current, constant generator potential, etc., 
but rather those characteristics of all axle generator svstems 
affecting the performance and life of the storage battery used 
in connection therewith. 

Aside from the difficulty of obtaining steady and uniform 
voltage and ample supply of current from an axle driven gen- 
erator under the widely varying conditions of train speed, and 
variation of load, there has been, with all systems of electric 
train lighting, more or less difficulty in obtaining proper battery 
charge without serious overcharging or overdischarging; both 
of which may be considered seriously detrimental to the proper 
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performance of the battery and particularly to its proper main- 
tenance and life. 

As the charge and discharge of a battery connected across 
the generator line, as shown in Fig. 1, depends upon the terminal 
voltage of the generator, or more correctly, the voltage im- 
parted at the battery terminals from the generator, it is most 
important that a suitable charging voltage, depending upon 
the state of charge of the battery, should be automatically 
maintained so as to charge the battery properly. With axle 
device equipments employing ламе atgucaton 
voltage method of tapering / 
off the battery charging cur- » 
rent, the latter is intended to | 
remain constant until such 
time as a supposedly prede- 
termined voltage is attained, 
when it is intended that the 
charging current will gradu- 
ally decrease with the іп- 
creasing e.m.f. of the battery. 
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With a stop charge system, the voltage of the generator should 
either be automatically reduced so that further charge will 
not be given the battery until some discharge has taken place; 
or if preferred, as in some systems, the generator should be 
automatically disconnected from the battery after the full charge 
has been obtained and connection should not be restored until 
after some discharge has taken place; but in either case, by 
proper control, excessive overcharge will thus be prevented. 
On the other hand, with any system having a control such that 
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the voltage of the generator is dropped below the charging 
voltage required for the battery before full charge has been 
obtained, after successive discharges a gradual reduction of 
charge must take place, resulting ultimately in a seriously 
undercharged battery with danger of sulphation, reduction in 
life and excessive maintenance charges, just as are the results 
on the other hand from overcharging, causing disintegration 
of plates, loss of active material, excessive gassing, unnecessarily 
frequent flushing, and all the resulting evils which bring about 
similar high maintenance charge and greatly decreased battery 
life. Manufacturers of electric car lighting systems have de- 
voted great inventive ability and large expenditures to the 
development of details of control for axle generator systems, 
in an effort to prevent battery troubles, as referred to, and to 
a degree have been successful, but all methods of control de- 
pending upon voltage of the battery, must in the last analysis 
fail to a greater or less extent because of the inherent character- 
istics of a storage battery as regards voltage of charge and dis- 
charge under varying conditions of temperature, age of plates, 
condition of battery resulting from rate of charge, and other 
factors familiar to battery engineers. 

The very important effect of temperature on the charging 
voltage of a battery is clearly illustrated in Fig. 2. If the 
battery is cold the voltage on charge may follow the curve A 
which is slightly higher than normal, and requires a maximum 
voltage at the finish of several volts above normal. 

On the other hand, if the battery is comparatively warm 
and the plates in good condition, the charging voltage will 
follow the curve B which is somewhat below normal, and the 
gasing voltage may be considerably below the gasing voltage 
of the battery under normal conditions. If the charge is con- 
tinued the battery warms still further and the voltage actually 
falls further away from the normal maximum. 

When the specific gravity ceases to rise it may be taken as 
a sure sign that the battery is fully charged. This point is 
indicated by a cross on the specific gravity curve. This is after 
approximately 10 hours charge, but it should be noted that the 
voltage curves have reached their maximum value some time 
previous to this. 

The curve A has reached its gasing voltage after 84 hours 
charge, while the curves B and C show that even a normal 
or а warm battery rises to a gasing voltage before the charge 
is fully completed. 
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The charging voltage of a storage battery will vary anywhere 
between the two dotted curves A and B, and it will rarely, if 
ever, follow the ideal charging curve C. 

With a stop charge system, depending upon voltage, this has 
usually been set high, for 40 or 42 volts, in order to insure that 
the storage battery gets sufficient charge. With a warm bat- 
tery, or in many cases, even with a battery under normal con- 
ditions, the charging voltage may never reach this point and 
a long continued overcharging 
results, which boils out active 
material and causes excessive 
growth. 

If the relay is set so as to 
accommodate a low battery 
voltage, it will cut off under 
normal conditions too soon 
and leave the batterv ina 
half charged condition. 
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From the diagram апа the above description, it will readily 
be seen that it is practically impossible to set a stop charge 
voltage relay for any definite voltage, so that it will meet the 
ordinary variations in battery condition and give a satisfactory 
percentage of overcharge without, on the other hand, rendering 
the battery liable to undercharge. 

In Fig. 3 are shown the actual results of teston a battery 
operating with axle generator equipment on a well known rail- 
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road system, from which it will be noted that during the period 
of this test an average overcharge of 100 ampere-hours рег 
day was given the battery; that is, 5 hours of continuous boil- 
ing on overcharge at 20 amperes per day. It requires no 
argument to show that a battery subjected to such conditions 
will rapidly disintegrate, showing excessive maintenance cost 
and short life. | 

For the purpose of showing results that have been obtained 
by the application of a control of the battery charge based 
upon actual input and output in ampcre-hours instead of by 
voltage, one well known system will be referred to, although 
it should be understood that the fact that this particular sys- 
tem is considered, does not mean that other systems now in 
general use are less or more subject to battery troubles from 
improper control by the voltage method, than this particular 
system. 

In the control of any axle generator system it is necessary to 
have some type of rheostat in the generator ficld circuit operated 
by devices automatically responsive to changes in the load 
current and the voltage across the battery terminals, so that 
with varying train speeds and varying load, the field of the 
yenerator will be automatically varied to maintain a practically 
constant voltage while the battery is charging; and a lower 
but practically constant voltage when the battery 1s floating, 
in those svstems where the generator is not disconnected from 
the battery and load line after the battery has reached full 
charge. | 

In addition to the controlling rheostat for the gencrator field, 
practically all axle generator systems also have a “ drop-out ” 
switch, as it is usually called, which automatically ‘connects 
the battery and load line to the generator after the train has 
reached a certain eritical speed; usually 12 to 15 miles per hour 
and which disconnects the generator from the line when the 
speed drops below a certain rate; usually 8 ог 10 miles рег 
hour, as the voltage of the generator then drops below the 
normal discharge voltage of the battery. 

Outside of these two main elements for generator control, 
all axle generator systems now used in this country also havea 
lamp regulator or rheostat automatically responsive to changes 
in voltage from the generator and battery and to changes in 
the lighting load of a car, designed to maintain a uniform 
and steady voltage on the lamps. The lamp regulator and the 
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performance of the several types thereof now in use, is not 
directly related to the problem of battery control, but it may be 
stated, in passing, that a great amount of effort and ingenuity 
has been expended in the design and construction of lamp 
regulators and there is still room for improvement in the way 
of simplicity of design and smoothness of operation, so as to 
avoid any flickering or variation of the lights with the start- 
ing, stopping and sudden variations in speed of a train. 

Aside from the generator field regulator and automatic or 
drop-out switch, certain other 
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Fig. 4, the regulating solenoid acting on the carbon pile compris- 
ing the resistance in serics with the generator field, is arranged 
so as to maintain a proper charging voltage, say 43 to 44 volts 
at the generator terminals, until the voltage of the battery has 
risen sufficiently high to lift the armature of the relay R, when 
circuit is closed through the contact C, thus increasing the flow 
of current in the potential winding of the solenoid controlling 
the carbon pile, decreasing the pressure on the pile, reducing 
the field excitation of the generator, and thus dropping the 
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voltage of the generator so low as to cause a large reduction 
in the energizing effect of the potential winding of the drop- 
out switch 5. With this condition and a slight reversal in cur- 
rent flow through the series winding of the drop-out switch, 
due to current passing from the battery back to the generator, 
thc automatic switch will drop out, disconnecting the generator, 
thus causing the battery to carrv the load until such time as 
the train has slowed down to a very low speed or has stopped, 
when the relay R will be de-energized, breaking circuit to the 
shunt winding of the regulator solenoid, and restoring the entire 
system, so that on starting of the train and reaching critical 
speed, the generator will operate at charging voltage until such 
time as the battery has again become fully charged according 
to voltage. | 

Somewhat similar control hasbeen employed in other well- 
known systems of electric railway train lighting, and while in 
many respects satisfactory, particularly with a new battery 
operating at fairly uniform tempcrature, none of these systems 
has given the results obtained with a control based upon ampere- 
hour input and output of the battery, in other words, or the 
battery’s actual quantitative performance. 

Something over two years ayo, several railroad companies 
operating electric lighted cars, applied ampere-hour meters in 
an experimental way in connection with existing systems, sub- 
stituting the full charge contact in the ampere-hour meter either 
in place of the contact operated by the voltage relay, or in con- 
nection therewith, so as to make the termination of charge to 
the battery dependent upon its condition with respect to charge 
as indicated by the ampere-hour meter. Preliminary results 
were quite satisfactory, but the ampere-hour meter was not ex- 
tensively employed for automatic control of battery charge with 
axle generator svstems until the beginning of 1914 when the 
Pullman Company applied meters оп a number of cars. The 
application of the meter to the system already referred to, and as 
shown without the meter in Fig. 4, is illustrated in Fig. 1, the 
meter being shown diagrammatically at M. This entire diagram, 
like Fig. 4, is schematic, small details and structural features being 
omitted for the sake of simplicity. 

Following results in the way of improved battery maintenance, 
which is by far the largest item in the cost of maintaining axle 
generator systems, meters were put on a large number of cars 
owned by the Pullman Company and at the present time prac- 
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tically every electric lighted Pullman car is thus equipped. 
Before describing in detail some of the tests that have been made 
and results obtained, it may be of interest to mention briefly 
the type of meter which has been used for this work. 

The ampere-hour meter employed is of the mercury motor 
type, having a copper disk immersed inamercury chamber formed 
of suitable insulating material, and with current led into and out 
from the mercury at diametrically opposite points so as to pass. 
across a diameter of the disk. The current is subjected to the 
action of a field on each side of the center of rotation, produced 
by a powerful permanent magnet, so that the torque imparted to 
the moving system is proportional to the current flow through the 
copper armature, irrespective of voltage. 

By means of a device termed a “ variable resistor ” connected 
in parallel with the motor element and mercury chamber of the 
meter, and both across a shunt of suitable capacity 1n the load 
line, the ratio of current sent through the armature with respect 
to the total current in the line is varied between charge and dis- 
charge, so as to give a lower speed to the meter on charge, for 
апу given line current, than оп discharge, thus enabling automatic 
compensation to be made for the inefficiency of the batterv, 
as is necessary in order that the meter may correctly maintain 
the battery in properly charged condition. By means of a 
suitable adjusting device for varying the effect of the resistor 
element, any desired percentage of overcharge may be given, but 
in railway train lighting work it has been found desirable to give 
an overcharge with lead storage batteries of about 25 per cent 
and with Edison batteries, of about 30 per cent. The ampere- 
hour meter can readily be set for either percentage, and in fact 
for any desired percentage, according to the age of the battery, 
conditions of temperature and other factors which may affect 
the overcharge required. It is important to note, however, that 
even should the overcharge given the battery be 5 or 10 per cent 
greater than necessary to keep it in fully charged condition, the 
total overcharge that a battery in train lighting service will 
receive 1s so little as compared with the total ampere-hour input 
and output over an extended period, that practically no deteriora- 
tion will be caused as compared with the enormous overcharge 
which may easily be obtained with a very slight variation in the 
charging voltage, when the control of charge is dependent upon 
voltage. | 

The ampere-hour meter as described above is provided with 
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suitable contact at the zero or full charge point on the dial, the 
hand moving clockwise on discharge and counter-clockwise 
towards zero on charge. The zero contact of the meter is shown 
diagrammatically at E in Fig. 1 and it will be seen that the con- 
tact is connected across resistance , F in series with the wind- 
ing of the voltage relay so that the closing of the contact will 
immediately increase the energizing effect in the relay, causing 
it to close circuit through contact C thus increasing the current 
in the shunt coil of the field controlling solenoid P, which finally 
causes a decrease іп the pressure on the carbon pile, a consequent 
decrease in the energizing effect of the generator field, and a 
reduction of the generator voltage to floating voltage of the 
battery. | 

As the floating voltage of а storage battery is far more соп- 
stant than the voltage of charge or discharge under widely vary- 
ing conditions of temperature age, etc., it is possible to determine 
a floating voltage such that the battery will receive a negligible 
charge or give a negligible discharge, outside of that required for 
any lamp load that may be on when the generator is brought to 
the floating voltage as predetermined, and which is dependent 
upon adjustment of the several resistances in the system includ- 
ing M and G as shown in Fig. 1. 

For sixteen cells of lead battery, as regularly employed with 
all axle generator systems at this time, a floating voltage from 34 
to 35 volts has been found thoroughly satisfactory, giving a 
minimum charge or discharge from the battery. In the opera- 
tion of the svstems as shown in Fig. 1 with the ampere-hour 
meter as control, it will be noted that after contact has been 
closed at full charge point operating the relay R and reducing 
the generator to floating voltage, the battery will discharge and 
carry any load that may be on in the car, as the rclay R will 
remain closed after its armature has been drawn up, even with 
the reduced voltage across the generator terminals. This condi- 
tion will continue until the next stop of the train is made or until 
a very low running speed has been reached, when the armature 
of the relay R will drop out, thus restoring the conditions existing 
before full charge had been reached and permitting the generator 
to operate at charging voltage after the train has started up and 
passed above the critical speed of 12 to 15 miles per hour. Charg- 
ing wil then begin and continue until the battery has again 
reached full charge as shown by the ampere-hour meter, when 
operation through the relay to bring the generator to floating 
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voltage will again take place. With this method of operation 
the battery will receive a proper overcharge without any ser- 
ious and destructive overcharges, and will at all times, except in 
case of a very long accidental stop while lights are being used, 
have practically full charge, so as to operate at highest efficiency 
and give a most uniform supplv of current for the lighting load. 
On the other hand, with this method of operation the battery 
has minimum work to do, in most cases operating between points 
of 75 per cent or 80 per cent of full load and full charge, and the 
lighting load is put on the generator as much as possible, which 
has not alwavs been the case with the systems of voltage control 
where it was frequently the case that the battery would work over 
a very wide range, carrying the load a great part of the time when 
the generator should have done so. It is obviously far less 
expensive to carry the lighting load on the generator than to use 
up battery life, when the train 1s operating at such speed and 
under such conditions as to permit the generator doing the work 
instead of the batterv. 

In Figs. 5 and 6 are shown two sections of curves from record- 
ing ammeters and voltmeters obtained on a Pullman car opera- 
ting on a large and well known railway system of this country. 
In these figures and from the notations subjoined to them, will 
be seen the remarkably uniform results in battery operation 
obtained by the application of the ampere-hour meter control. 
The generator operates at charging voltage only sufficiently 
long to restore charge to the battery after each period of running 
below critical speed or stopping; and during the period of float- 
ing, the charge or discharge of the battery is practically negligible. 

It will also be noted from Fig. 7, showing a graphic record of 
generator output in watts with this method of control, that the 
generator is carrying the lighting load during the greater portion 
‘of the time that this load is on, and during the balance of the 
time, in the early morning and davlight hours, the generator is 
very lightly loaded, as the battery is floating, practically no 
lighting load is on and there is thus a great economy in power 
consumption by the several generators on a train, as well as theim- 
proved battery maintenance already referred to. This considera- 
tion alone is of great importance to railroad companies, as it is well 
known that the total consumption of energy for 10 or 12 axle 
generators, as on almost any through train, amounts to a large 
amount in dollars and cents in the course of a year. With meth- 
ods of voltage control as formerly used, it would have been 
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simply impossible to get a curve of operation duplicating or 
approaching those shown in Figs. 5, 6 and 7. 

In the course of the experiments conducted by the Pullman 
Company and several railroad companies during the past year 
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to determine the conditions of battery operation before and after 
adoption of control of charge by ampere-hour meter, an interest- 
ing type of graphic recording meter was especially developed, 
this being a graphic ampere- -hour meter, as shown in Fig. 9 with 
cover removed. 
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This instrument is of particular interest, inasmuch as the graph 
is of an integrated function instead of an instantaneous or mo- 
mentarily varying value. The record is obtained, as clearly 
indicated in the cut, by means of an ampere-hour meter suitably 
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connected through a driving chain toa pencil, B, moving across 
the paper chart and with another stationary pencil, C, arranged 
to be moved momentarily crosswise to a slight extent at half 
hour intervals, from the clock below, which also drives the paper 
roll. The meter as thus arranged gives a complete and definite 
record of the treatment received by a storage battery with any 
axle generator system, the chart being a cumulative record of the 
total battery input or output in ampere-hours, having the meter 
adjusted for any percentage of overcharge which it is desired to 
adopt during the period of test. Some results on equipments 
with and without the ampere-hour meter control are shown in 
Figs. 10, 11, 12 and 13. 

Fig. 10 shows the record of battery charge and discharge on a 
car running between Boston and Chicago. It will be noted that 
when the car is not in motion the graph of the recording. pencil 
is light, but as soon as the car begins to move, whether the equip- 
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ment is generating or not, the line becomes heavy. In this way. 
practically all of the stops are indicated. 

The base line has no reference whatever to the battery capacity 
scale, but simply gives a base line from which values of charge 
and discharge can be measured. For the sake of illustration, 
we have assumed in the curve, Fig. 10, that the capacity of the 
battery when fully charged, as it was from 7:00 p.m. to the end 
of the run, is 320 ampere-hours. Since 1/16 of an inch equals 10 
ampere-hours the vertical scale can easily be figured and we have 
placed this scale at each end of the curve. The curve as re- 
corded by the meter, however, is simply the two heavy lines 
shown. In making the zinc etching the curve has been reduced 
to about half size. 

Fig. 10 shows that while standing in the yard there was a capac- 
ity of 215 ampere-hours in the battery. Тһе run to the station 
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is shown by the heavy horizontal line and discharge now begins 
as shown by the downward curve of the line. Altogether en- 
route to and at the station the battery discharged 10 ampere- 
hours. As soon as the train left the station the battery started 
to charge and this is indicated by an upward slope of the line; 
since this equipment was set for constant battery current regula- 
tion, the upward slope of this line is alwavs at the same angle. 
If this had been a constant generator current regulator this degree 
of slope would have varied, depending upon the charging current 
rate. 

It will be noted that at the stops during the day there was no 
discharge and the light lines, indicating stops, are horizontal. 
After sunset, however, it will be noted the light lines at all stops 
slope downward, this indicating a discharge at each stop. As 
soon as the equipment begins to generate again, however, the 
curve again begins its upward slope, indicating that the batterv 
is charging at the constant rate of the regulator setting. It will 
be noted that at 7:00 p.m., indicated bv a cross on the curve, 
Fig. 10, the batterv has reached a full state of charge, and since 
this equipment was controlled by an ampere-hour meter of the 
variable resistor type, this meter, like the graphic meter, indicated 
a zero discharge and thereupon closed its zero contact, which 
stopped further charging of the battery. The battery then 
simply floated on the line, the generator carrving the load of 
whatever lamps happened to be in use at the time. It will be 
noted that there are various stops where a slight discharge 
occurred, but this was quickly replaced by normal operation of 
the equipment and the controlling meter again operated to stop 
further charge when the discharge plus 25 per cent had been 
put back into the battery. 

Fig. 11 is another curve which shows the operation of an axle 
generator car lighting system with the generator regulator ad- 
justed so as to provide constant battery current; the charge 
given the battery is controlled by an ampere-hour meter of thc 
variable resistor type. As in Fig. 10 we find a very normal 
condition of affairs with the battery charging normally enroute, 
a few short discharges at stops, and finally coming to a state of 
full charge at 2:30 a.m., when the controlling ampere-hour meter 
operated to stop further charge, and so protect the battery from 
excessive overcharge. In Fig. 12 however, both the controlling 
ampcere-hour meter and the voltage regulating solenoid were 
purposely cut out of service and the equipment operated as on 
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a simple constant battery current control. This illustrates, of 
course, only abnormal conditions such as would be experienced 
in using a regulator of the constant current tvpe without auxil- 
lary control of charge, or when the voltage regulating feature 
of the combination current-voltage regulation of equipments 
with the amperc-hour meter control failed to work. In this 
run it will be noted that a charge of 525 ampere-hours was given 
a 320-ampere-hour battery which at the start showed only a 
245-ampere-hour discharge. This indicates ап overcharge of 
(280 plus 25 per cent or) 350 ampere-hours, representing the full 
normal charging rate for nearly nine hours on this single run. 
When considering the effect of such serious overcharging on a 
battery it is not surprising that the average battery life in car 
lighting service has been so small in past years before the use cf 
voltage regulators, giving a taper charge, or the controlling 
ampere-hour came into use. 

Fig. 13 shows another abnormal condition wherein the equip- 
ment failed to generate at the point marked “ X " on the curve 
due either to lost belt which was not replaced or trouble in the 
equipment. It will be noted that there is a continual discharge 
on the battery from this point till the end of the run; this does 
not follow a straight line, but tapers more to the horizontal as 
the number of lamps in use 1s reduced. 

From the information obtained by the graphic ampere-hour 
meter as illustrated in these curves, it is quite evident that a 
greatly reduced battery maintenance and a vastly increased 
battery life—the two greatest items of cost in the operation of 
electric lights on steam railway cars—may well be anticipated as 
a result of the application of control of charge by ampere-hour 
metcr, operating in connection with existing axle generator sys- 
tems; and as improvements or modifications of these systems are 
developed, it will probably be the case, as is already true of two 
well-known companies manufacturing such equipments, that the 
amperc-hour meter control will be adopted as standard. Now 
that elcctric lighting of steam railroad cars has become universal, 
or at least universally desired, anything which tends to improve 
the uniformity of lighting and efficiency of such systems and to 
reduce the expense of operation cannot be neglected by engineers 
interested in this branch of the electrical art. 


То Бе presented at the Panama- Pacific Convention of 
the American Institute of Electrical Engineers, 
San Francisco, Cal., September 17,1915. 


Copyright 1915. By A. I. E. E. 
(Subiect to nnal revision for the Transactions.) 


THE AUTOMATIC SWITCHBOARD TELEPHONE SYSTEM 
| OF LOS ANGELES, CAL. 


BY W. LEE CAMPBELL 


ABSTRACT OF PAPER 


This paper narrates some of the history and describes the 
present automatic switchboard telephone system in the City 
of Los Angeles. 

[t describes how the system, which began to give service with 
one manual switchboard in the year 1902, has gradually been 
extended and transformed through several interesting stages 
of combined automatic and manual operation, until it now 
comprises 15 automatic offices and а tratie distributor switch- 
board which serve a total of 60,000 subscribers stations—the larg- 
est automatic switchboard system in the world. 

The layout of central offices in the present plant is shown in 
contrast with the layout of offices in the Bell telephone plant 
of approximately the same size, operating in the same city. 

The traffic distributor switchboard used for handling the out- 
going calls from a large number of private branch exchange 
switchboards 1s the largest board of the kind in operation, includes 
thirty operators’ positions and handles a heavy traffic. A 
general explanation is given of the equipment of the board, 
methods used in operating it and of the economies realized by 
means of it. 

Specially interesting and important features in handling the 
telephone business of a large metropolitan area like Los Angeles 
are the methods used in caring for calls for time and for informa- 
tion. concerning subscribers' numbers, addresses, etc., and for 
answering subscribers' complaints and calls for long distance 
connections. All of these methods are discussed at some length. 

The paper closes with a concise statement of the practise of 
using standards of adiustment and performance for securing uni- 
formly good service from the automatic apparatus scattered over 
this area of about two hundred square miles and handling from 
500,000 to 600,000 calls each week day. 


LTHOUGH telephone plants using automatic switch- 
boards are now scattered through nearly all of the civil- 
ized countries of the world, and are yearly increasing in number, 
they are still a novelty to many electrical and some telephone 
engineers. It is thought, therefore, that a description of an 
automatic system serving a large metropolitan area like that of 
Los Angeles, California, may prove of interest. 
The automatic telephone system, owned and operated by the 
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Home Telephone & Telegraph Company in the city of Los 
Angeles, is remarkable in several particulars. 

1. Starting as a manual switchboard system, it has passed 
through several interesting stages of combined Automatic and 
manual operation. 

2. It has had an extremely rapid growth, in order to keep 
pace with the growth of the city. - 

3. It is now the largest plant operating in competition with 
the Bell System. 

4. It 1s the largest automatic switchboard plant in the 
world. 

5. It embodies the largest and busiest semi-automatic switch- 
board of the traffic distributor type. 

6. It includes an unusually large number of private branch 
exchanges for a plant of its size. 


EARLY HISTORY 


The Home Telephone & Telegraph Company began service 
in 1902 with a manual svstem using a common-battery, two-wire- 
multiple switchboard with an ultimate capacity of 18,000 lines, 
of which 7000 were at once to be put into service. This board 
was at that time the very latest development in manual tele- 
phony and it was supposed that 1t would take care of the '' in- 
dependent " telephone service in Los Angeles for some time to 
come. But the officers of the company had greatly underesti- 
mated the requirements, for the subscription list grew so rapidly 
that within two years after the beginning of service 10,000 lines 
were in use and the demand for service was so great that it be- 
came evident that only the business district and a portion of the 
residence district in the south and west sections of the city could 
be accommodated by the equipment. . 

In those days of comparatively small telephone. plants, en- 
gineers of “ independent " telephone companies generally felt 
that all subscribers' lines in each city should be connected to one 
switchboard or at least to one central-office, but the engineers 
of the Los Angeles company soon concluded that the cost of 
connecting all lines in that rapidly growing city to either one 
switchboard or one central-office would be prohibitive. It was, 
therefore, decided to build a branch office in the south end of the 
city and thus relieve the main office of about 2000 lines. The 
building was erected with a view of installing manual equipment, 
but after investigating the successful automatic telephone 
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systems at Grand Rapids, Michigan, Dayton, Ohio, and other 
cities, the officers and engineers of the Home company decided 
that the automatic system was what they needed and adopted 
it. | 

The plant agreed upon was, briefly, that the original office was 
to remain, for the time being, a manual office and was to serve . 
directly only the business portion of the city, while central offices 
equipped with the automatic system were to be scattered over 
the city to give service in the outlying districts, and were to 
interconnect with Main, the centrally situated manual exchange. 

First Automatic Central-offices. The first of the automatic 
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exchanges, known as South, and equipped for 4000 lines, was 
completed in July, 1904, and was quickly followed by four addi- 
tional exchanges: Boyle’s Heights with 800 lines, East with 
1000 lines, Vernon with 400 lines, Highland Park with 400 lines, 
Prospect Park with 100 lines, and West with 3000 lines. Consc- 
quently, by the latter part of 1905, the system had developed as 
represented by the diagram in Fig. 1. 

The use of seven offices in a system serving but 19,000 ines 
was regarded as very bad practise, even by many of those en- 
gineers who at that time had progressed beyond the single 
office idea; but experience has justified the plan, because the 
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great territory to be covered, as shown by the distances in Figs. - 
1 and 16, together with the enormous growth in population and 
the corresponding growth of telephone stations, as shown by the 
curves in Fig. 2, have made a comparatively large number of 
. offices necessary in order to keep the cost of the outside plant 
within réasonable bounds. In Fig. 2 the ratio of curve A to 
curve B is 10 to 1, and the curves, therefore, show in a striking 
way how very closely that ratio between population and the 
Home Telephone Company's instruments has been maintained. 

The special suitability of automatic equipment to such a multi- 
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office system is fully explained in a paper presented by the writer 
before the Institute in 1908. 

Type of Apparatus Used. It is deemed worthy of note, in 
passing, that in order to secure the advantages of the automatic 
system the Home Company had to take a very decided step 
backward іп one particular, 7. e., all of the larger manual switch- 
boards then being made, were of the common battery type, while 
the only automatic telephones available were of the older local 
battery type (see Fig. 3). During more recent years the auto- 
matic switchboards first installed in Los Angeles have all been 
remodeled to give common battery service, and many of the 
wall instruments have been remodeled into a smaller type similar 
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to that illustrated in Fig. 4. The type of desk instrument used 
is shown in Fig. 5. The original apparatus required a calling 
party to push a button on his telephone to ring the called party, 
but recently much of the equipment has been remodeled to 
automatic ringing. 

While the telephone instruments used in Los Angeles are all 
of the “‘ three-wire " type and are somewhat less attractive in 
appearance than those of the latest '' two-wire '' (үре, the ser- 
vice given to the subscribers 1s practically the same as that 
rendered by the latest automatic apparatus and 15, at least, as 
well liked as that which the competing company is able to 
supply with modern, well operated manual switchboards. 

Fig. 6 is a view of the switchboards, for serving 4000 lines, as 
originally installed in the South office in 1904. This was before 
the days of Keith line switches and each line, therefore, termina- 
ted in a Strowger tvpe first selector. Each of the ten racks in 
the thousand line group in the foreground of Fig. 6, carries one 
hundred first selectors, ten second selectors, ten third selectors 
and ten connectors. The functions of these switches have been 
explained in previous papers, and while brief mention will be 
made here of the method pursued in setting up connections 
between the automatic offices, it is felt that more interest will 
center in the methods of inter-connecting between the one 
manual office and the automatic offices. 

The Numbering Scheme. Before explaining the system of call- 
ing, the numbering scheme should be outlined. АП numbers 
used for complete automatic connections in Los Angeles had 
five digits. 

As indicated in Fig. 1 the South office is the “2” office, t.e., 
it was arranged to accommodate the numbers from 21,000 to 
28,999, of which the numbers from 21,000 to 24,999 were then 
used. 

Vernon is a branch of South and was designed to accommo- 
date the numbers from 29,000 to 29,999, of which the numbers 
29,000 to 29,399 were in use. 

The East exchange was designed to accommodate the num- 
bers from 31,000 to 38,999, of which the numbers from 31,000 
to 31,999 were in use. 

Highland Park is a branch of East and used the numbers 
39,000 to 39,399. 

Boyle’s Heights used the numbers from 41,000 to 41,799. 

West used 51,000 to 53,999. 
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Prospect Park, a branch of West, used the numbers from 
59,000 to 59,099. 

Inter-Connections between Automatic Offices. When setting 
up connections with apparatus of the early Los Angeles type, 
the first selector responds to the first movement of the dial 
and selects a trunk line to the exchange corresponding to the 
first digit of the number being called. А subscriber, for in- 
stance, of South office (the 20,000 exchange) calling 2 as the 
first digit, will select a local trunk line in South office; if he calls 
3, he will select an inter-office trunk to East office (the 30,000 
exchange) or if he calls 4 he will select a trunk to Boyle’s Heights 
office (the 40,000 exchange). The second turning of the dial 
actuates the second selector to pick out the thousand group 
in the exchange or its branch office. The third movement in 
like manner picks out the hundred. The fourth and fifth move- 
ments pick out respectively the tens and units on the connector 
switch. Suppose now a subscriber in the South office wishes 
to call No. 39,143, which is in the Highland Park office. The 
first movement of the dial operates a first selector in the South 
office which selects a trunk line to East office. Тһе second 
movement is utilized in the East office by a second selector 
which extends the connection over a trunk line to Highland 
Park office where the call 1$ completed in the regular manner, 
by a third selector and a connector. Impulse repeaters were 
used on the inter-office trunks as in present practise. 

Automatic to Manual Connections. Any automatic subscriber 
wishing to call a number in the manual district turned his dial 
from finger hole 1 which was marked MAIN on all dials (see 
Fig. 3), and pressed the ringing button; this operated a first 
selector which selected a trunk line ending in a cord and plug 
on the Main office switchboard and signaled an А operator, 
who, by throwing a key, put out the signal light and connected 
herself with the automatic subscriber. Then, ascertaining the 
number wanted, she plugged into a multiple jack of the called 
line and rung the subscriber. When the calling subscriber 
hung up his receiver the first selector released, freeing the 
trunk, and when both subscribers had replaced their receivers, 
supervisory lamps gave the disconnect signal to the operator. 
Each operator handled thirty trunks, to which six hundred 
automatic subscribers had access. 

A connection of the character just described is illustrated 
in Fig. 7. 
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Manual to automatic connections. Besides the twelve incom- 
ing trunk positions at Main office, there were four outgoing 
trunk positions and a trunk multiple which enabled any oper- 
ator in Main office to trunk a call to an outlying office. When 
а manual subscriber wanted to call an automatic number, 
say 24,425, which is in the South exchange, he removed his 
receiver from its hook and asked central for the number. The 
operator used an order wire to repeat the number to an operator 
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at a switching section or B board in the South office, who as- 
signed a trunk line, put up the connection and rung the sub- 
scriber. Both operators had double supervision, that is, they 
could tell when either or both subscribers hung up their re- 
ceivers. At the automatic end, in the South office, the switch- 
ing or manually operated B board was used for handling trunk 
calls from Main only and the lines from all automatic sub- 
scribers to the exchange were multipled through it. There was 
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a busy test so that when an operator had made a connection 
to an automatic line, it could not be called by an operator at 
another position or by another automatic subscriber, and vice 
versa, when a connector switch had completed a connection to 
any line, that line tested “ busy " to the B board operators. 
Such a connection from the manual office to an automatic 
office is illustrated by the diagram in Fig. 8, and is evidentlv 
in conformity with regular manual practise, with the added 
feature of the inter-working busy test in the automatic office. 


1854 CAMPBELL: AUTOMATIC TELEPHONE [Sept. 17 


B boards of the character outlined were installed in South, 
West, East and Boyle’s Heights offices, but calls to Highland, 
Vernon and Prospect Park were handled automatically from 
the four outgoing trunk postions at Main. These positions 
were used, also, to call into the larger automatic offices at night 
or at times when the traffic would not warrant having operators 
at their switching sections. In the Main office there were 
order wires from every A position to the four outgoing trunk 
operators. There was also a trunking multiple at each posi- 
tion on the board which ended in cords and plugs at the trunk 
operators’ positions. At the outgoing trunk positions the 
trunk lines to the different offices ended in jacks. 

Suppose a manual subscriber wanted to call an automatic 
number, 39,225, which is in the Highland Park office. When 
he took his receiver off the hook, the operator responded and 
ascertained the number wanted; she then used the first order 
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wire that was not busy and repeated the number to a trunk 
operator, who assigned the trunk to be used, plugged into a 
trunk line to the East office and, with a calling device, called 
9225. The first number of the call was omitted because the 
operator performed the function of the first selector, that of 
selecting a trunk line to the exchange, when she plugged into 
the proper jack. Calling 9 operated a second selector in the 
East office which selected a trunk line to Highland Park, where 
the call was completed in the regular manner by a third selector 
and a connector. Suitable supervisory signals were provided 
for the guidance of the operators. Such a connection is illus- 
trated in Fig. 9. 

Of course, the subscribers of the Home company were not 
acquainted with the steps taken in securing their connections. 
The manual subscribers knew only that they must make their 
calls orally, using their telephones as they had been in the habit 
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of doing, and that thev secured their numbers. Automatic 
subscribers understood equally as well that all numbers below 
20,000 were called through operators, who were secured bv 
dialing number 1. 

The automatic subscribers calling automatic numbers dialed 
their calls in the way usual with the automatic telephone and 
without knowledge of the offices or mechanisms concerned. 
The telephone directory made plain to the users which were 
manual and which were automatic numbers. 

Later Method of making Automatic to Manual Connections. 
While the arrangement illustrated in Fig. 7 and already de- 
scribed for handling calls from the automatic offices to the 
manual gave good service, it was slower and more expensive 
than full automatic service, and therefore, after about two 
years of operation, by which time the number of automatic 
lines had increased greatly, it was decided to install equipment 
which would enable the automatic subscribers 
to complete connections automaticallv to all 
manual subscribers! stations excepting those 
connected to private-branch exchanges. 

This was accomplished by ending the trunks 
incoming from the various automatic offices, 
in second selector switches installed at Main 
office. The bank levels 1 to 9 of these second 
selectors were used to call third selectors, which in turn ex- 
tended connections to connectors. The banks of these con- 
nector switches were multipled to all the manual lines in Main 
office, excepting the trunks to private-branch exchanges. АП 
Main office numbers from 1000 to 9999 were made into the 
five digit numbers required for automatic working by ргейх- 
iny the letter A before them. On the calling devices the letter 
A was printed beside the figure 1 (see Fig. 10) so that it took 
the place of the old word Main in the operating instructions. 

When this apparatus had been installed at Main office, 
manual subscribers secured all of their connections as before, 
but an automatic subscriber who wanted any Main office in- 
dividual line, simply spelled out on his calling device the de- 
sired partv's number and secured connection, without ап 
operator's aid, just as if the wanted party had an automatic 
telephone. An interworking busy test such as that already 
mentioned as being used between the B board and the auto- 
matic switchboard in each of the various automatic offices, 
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was uscd between the connector switch banks and the multiple 
of the manual board in Main office. 

To secure connection to a private-branch exchange (P.B.X.) 
trunk, automatic subscribers were instructed to call 10. The 
figure “1” caused a calling party's first selector to connect 
his line to an idle trunk to Main office, where a second selector 
was operated in response to the “О” and extended the con- 
nection to an operator, who took the calling party’s order and 
completed the connection, by plugging into the jack of a trunk 
line to the desired private-branch exchange. 


MAIN OFFICE ABANDONED 


The next step in the transformation of the system, resulted 
in the elimination of Main office. This was accomplished by 
establishing a new central office named Olive in a fire-proof 
building erected for the purpose five or six blocks from the 
old Main. Sufficient automatic apparatus, using Keith line 
switches of the сапу type then available, mounted on round 
uprights, (see Fig. 11) was installed in Olive office to accom- 
modate all of the individual subscribers’ lines terminating in 
Main office, and they were gradually switched over to it. A 
portion of the manual switchboard, thus freed, was moved to 
Olive Office to handle the P.B.X trunks in so far as calls in- 
coming from them were concerned, while trunking connector 
switches were installed so that automatic subscribers from 
that time on made their connections automatically to Р.В.Х. 
trunks also. 

The company’s headquarters were then moved to the Olive 
office building and the old Main office building was abandoned 
and sold. The svstem was then full automatic with the excep- 
tion that a portion of the old manual board, transferred to 
Olive, as already mentioned, and a portion of the old B board 
at each of several of the larger automatic offices were still 
operated for handling calls from the numerous manual private- 
branch boards to the automatic subscribers stations. These 
connections were set up by the methods illustrated in Figs. 8 
and 9, 1.е., the full manual method shown in Fig. 8 was used 
when a call was made during the rush hours for a line connected 
to an outlving automatic office equipped with a B board, while 
calls during less busy hours or to the smaller automatic offices 
were made with dials after the manner illustrated in Fig. 9. 

In order to permit this method of handling calls outgoing 
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from the P.B.X's. to be changed to automatic calling it would 
be necessary to put calling devices on all of the P.B.X. boards 
and to remodel some or all of their circuits, and the company 
felt that its organization and resources could be utilized more 
advantageously in meeting other demands. 

Since the system now serves six times as many stations as 
it did twelve years ago and much of the growth has been paid 
for out of earnings, it may be imagined easily that all available 
energy and money have been needed for taking care of enlarge- 
ments. 

General Plant Design. The great extent of the ата to be 
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covered has presented a continuous difficulty. For example, 
between South Pasadena and a small manual suburban office 
at Beverly Hills, two offices within the flat-rate unlimited ser- 
vice area, there are twenty-two miles of cable. To maintain 
a high standard of transmission, a portion of the South Pasa- 
dena trunk cable is made up of conductors of No. 16 B. & 5. 
gaye and is of special design. 

The maintenance of a high standard of transmission through- 
out the city has been made easier by the comparatively large 
number of offices used. Increasing the number of offices, 
shortens the average subscriber’s connecting loop. In Fig. 12 
are shown the present offices of the Home Telephone & Tele- 
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graph Company апа of the Pacific States Telephone & Tele- 
graph Company. The latter company serves about the same 
number of subscribers as the Home Company, and, of course, 
uses the Bell tvpe of manual equipment. It.has nine offices, 
where the Home Company has fifteen. "The difference between 
automatic and manual practise is especially striking in the 
southern portion of the city, where the Home Company has. 
six offices and the Bell company three. In outlying centers like 
Hollywood or Highlands, one office is necessary with either 
tvpe of equipment. 

Good, substantial, central-office buildings, especially suited 
for their purposes, have been erected by the Home Company. 
The Olive central-office and headquarters building is shown 
in Fig. 13, Adams office buildings in Fig. 14, and the very 
simple tvpe of construction used for the smaller outlying offices 
is typified by the Vernon office building, illustrated in Fig. 15. 
Buildings of this economical character would not be suitable 
for manual switchboards with the requisite provisions for the 
convenience and comfort of the operators. 

The character of the outside plant construction is first class 
throughout the city. Cable is used as much as practicable, and 
all work is done in a large way with the future in mind. 


THE PRESENT PLANT 


A skeleton map of the plant as it stands at present is given in 
Fig. 16. The system includes all of the original Automatic 
offices and a number of new ones, and serves over 60,000 sub- 
scribers' stations. | | 

The number of Р.В.Х. switchboards is 601, averaging 27 
stations each and 35 trunk lines to Olive office. 

The approximate number of automatic lines and stations 
connected to each office is shown in Fig. 16 and the numbering 


scheme is as follows: 
J A-1000 to A-5999 Í 51,000 to 55.000 


Olive Office West Office 
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It will be noted that in several of the smaller offices six digit 
numbers are now used, and it follows that some fourth selector 
switches have been installed in those offices. 

The dial number disk used at present 15 the same as that in 
Fig. 10, except that the words Main апа Lone DISTANCE 
do not appear upon it. To save trunks, a three figure number 
is now used to call long distance, as mentioned further on. 

Types of Equipment. All of the original automatic equipment 
and that installed at various times since the first installation 
is still in use although as already mentioned the circuits have 
been changed to common-battery designs and, recently, changes 
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to Automatic ringing are in progress. Many of the first selectors 
originally used for line as well as trunking switches have been 
re-arranged for use as trunking switches only and the lines, 
which formerly terminated in them, now end in Keith line 
switches which have been installed more recently. A type of 
Keith line switch upright similar to that used for many of these 
changes and extensions is shown in Fig. 17. The use of these 
uprights in place of the old Strowger switch uprights, shown in 
Fig. 6, reduces the floor space required per thousand lines of 
switchboard about 40 per cent. 

The unit or “ sectional-book-case '’ designs used in the con- 
struction of automatic switchboards have been of great help 
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in avoiding the sacrifice of any equipment in the many readjust- 
ments and enlargements of plant, which have been made neces- 
sary by the rapid growth of the city. 

Trunk Line Groups. Тһе numbers of trunk lines used be- 
tween the various offices is given in Fig. 18, which contains 
many interesting features to which lack of space forbids extended 
reference. 

Trafic. Тһе traffic 4s quite heavy, averaging per week day 
14 to 18 originating calls per automatic station connected to 
the Olive office, 7 to 9 calls per week day from each station 
connected to other Automatic offices and 5 to 6 calls from each 
of the 16,000 stations connected to manual private-branch 
exchanges. 

The average number of originating calls handled per day by 
cach P.B.X. trunk is about 37, which is 50 per cent higher than 
the average experienced in full manual plants. It is thought that 
the increased efficiency is partially due to the automatic setting 
up and disconnecting of calls incoming to the P.B.Xs., which 
shorten the time each such call occupies a trunk. 

The total traffic per week-dav sums up to from 500,000 to 
600,000 calls, of which about 80,000 are from P.B.X. stations. 


THE бемі-Астоматіс OR TRAFFIC DISTRIBUTOR EQUIPMENT 


A step in the direction of changing the P.B.X. trunk lines to 
full automatic sending was taken in 1914, by removing the last 
of the B boards from the Automatic offices and installing traffic 
distributor apparatus, consisting of Keith primary and secondary 
line switches in Olive office, between the main distributing frame 
and the A Board used for handling calls received via 
P.B.X. trunks. In other words, the answering jacks have 
been removed from this board, and each trunk now ter- 
minates in a primary line switch to the banks of which trunks 
to secondary line switches are multipled. The banks of the 
secondary line switches are multipled to trunks ending in cords 
and plugs in the А board. 

Therefore, when an operator at a Р.В.Х. inserts one of her 
calling plugs into а trunk-jack, a primary and a secondary 
line switch at Olive. office instantly switch that trunk into 
connection with an idle cord circuit before an idle A operator. 
If the call is for an Olive office subscriber or for another Р.В.Х., 
this A operator completes the connection by plugging into the 
multiple in the usual way, but if it is for a subscriber in any: 
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of the other offices, she plugs into an automatic trunk and dials 
the desired number by using a calling device which is now a 


part of each operator's equipment. 
These automatic trunks end in first selectors in the Olive 


office so that the former plan of having the operators omit the 
first digit of the called number and manually select a trunk 
direct to the desired main exchange has been eliminated. Each 
operator has a set of non-multipled trunks to the first selectors 
and those switches automatically pick out idle inter-office 
trunks for her. 

The present method has increased the efficiency of the trunks 
and the accuracy of the dialing, while, at the same time, it has 
simplified the work of the operators, because they no longer ' 
have to mentally divide a number into two sections nor do they 
have to make a busy test on a trunk before using it. 

On account of certain engineering problems, calls to the out- 
lying offices are at the present time sent over special sets of 
trunks as indicated in Fig. 18; but it is planned to make changes, 
which will enable all such calls to be sent over the regular auto- 
matic trunks, and thus to considerably increase the inter- 
office trunk efficiency. 

The line switches in which the incoming trunks from the 
P.B.Xs. terminate are arranged in groups of 25 each and each 
such group has ten outgoing trunks to secondary line switches. 
The secondary hne switches are arranged in groups of twenty, 
and each group has ten trunks leading to plug ending cord- 
circuits on the operators’ positions. 

The line switches are of the latest two-wire type, with self- 
restoring plungers, and are wired especially for traffic distri- 
butor work. The pairs of relays for the line switches are 
mounted under individual covers on a rack placed above the 
line switch shelves as shown in Fig. 19. 

Thirty operators’ positions, are equipped with twenty cord 
circuits each and are more than sufficient to take care of the 
peak load from the 600 P.B.Xs. and 100 inter-communicating 
systems. 

The scheme of wiring each of the 10 trunks outgoing from 
any primary line switch group to a different secondary group, 
and of wiring each of the trunks outgoing from a secondary line 
switch group to a different operator’s position, is such that a 
call coming from any Р.В.Х. trunk is switched to any one of 
the operators on duty who may be idle at the instant. 
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The cord circuits are arranged for automatic ringing both 
on manual and automatic calls and double supervision is sup- 
plied. Тһе cord circuits аге so designed also that if a calling 
P.B.X. operator has had a connection established, and wishes 
to make another call or again secure an A operator for any 
reason, she can disconnect instantly by releasing the line switches 
and immediately come in on another cord circuit. This is pos- 
sible only after a connection has been established, for each call 
is locked until the A operator receiving it either completes the 
connection wanted or releases the call by means of a key. 

There cannot be more than one uncompleted consecutive 
call in front of any operator, that is, when any position has 
received a call it is immediately busied to all other calls, until the 
operator throws the associated key into the ringing position. 

On account of the extremely heavy traffic experienced on 
the P.B.X. trunks, special provision had to be made for taking 
care of simultaneous originating calls. It was at first found 
that occasionally during rush periods two or three calls would 
appear simultaneously in front of an operator, and it was, there- 
fore, arranged so that the operator would answer only one of 
them and the others would be switched automatically to idle 
positions. To ensure instantaneous operators’ responses, the 
line signal lamp on each position is connected to apparatus 
which transmits a mild buzz to the operators’ head-receiver. 
This buzz is cut off as soon as she throws an answering key. 

Provision is made for taking care of extreme peak periods 
by an arrangement of the primary master switches, which is 
such that when all the outgoing trunks from any group are 
busy either because of calls or lack of operators, the master 
switch will not continue to search for an idle trunk, but the 
call will be stored in the equipment until a trunk is available. 
Any operator’s position is automatically made busy when she 
removes her talking-set plug from its jack. 

The chief operator’s desk is provided with supervisory signals, 
which tell her at all times how many master switches or groups 
of trunks are loaded to the limit. A supervisory lamp is pro- 
vided for every master switch, and by observing these lamps, 
the chief operator can always tell whether she has enough 
girls at the switchboard to take care of the load. 

The traffic distributor has reduced the number of operators 
required at the peak load in Olive office from 41 to 30, and 
has eliminated five B operators’ positions formerly used in the 
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South, West and Adams offices. The engincer of the company 
estimates that the 30 operators’ positions he has equipped will 
continue to be sufficient even when the business has grown 
considerably more. 

The curves in Fig. 20 show graphically what results have 
been obtained by the installation of this semi-automatic appar- 
atus. Curve A gives the number of un-equated calls handled 
by each A operator during a peg count taken in September 
1914, a month or two before the new equipment was put into 
service. Curve C shows the average number of calls dialed 
by B operators from the three dialing positions at Olive office 
to the smaller outlying offices, at the time of the peg count 
mentioned above. 
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Curve B shows the results in June 1915, with the traffic 
distributor in operation and the A operators dialing the calls 
(about 30 per cent of the total) to outlying offices. It is in- 
teresting to note that, in spite of the work of dialing, the average 
operator completes over 50 per cent more connections than 
she formerly did at the hour of peak load. Both before and 
after semi-automatic operation individual operators have been 
required frequently to exceed the average peak load. This 
excess sometimes ran as high as 50 per cent with the former 
arrangement, but now rarely exceeds 25 per cent. Neither 
September nor June are months of as heavy traffic as the winter 
months, but they represent average conditions fairly well. 
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The Home company’s engineer had all the cord-circuit relays 
assembled and wired in sets with one base for each cord circuit, 
so that each cord-circuit equipment looks like an Automatic 
switchboard repeater, is provided with a jack and is mounted 
on a regular repeater shelf. The cabling is so arranged that 
when the Company is ready to change the method of handling 
the P.B.X. trunks from semi- to full automatic, it will simply 
mean removing the present cord-circuits from their jacks and 
replacing them with repeaters designed to transmit impulses 
direct to first selector switches. 

All calls from any automatic telephones to the P.B.Xs. are 
handled automatically through rotary connectors, just as be- 
fore the traffic distributer was installed. As already explained, 
all the P.B.X. trunks are multipled to the banks of these con- 
nectors, so that 1t 1s impossible for connectors to stop on trunks 
which are in use either by a P.B.X. for outgoing calls there- 
from or by a traffic distributer operator on calls to P.B.Xs. 

These connector switches are of special design, for the circuit 
of each is such that if an automatic subscriber calls a P.B.X. 
and, when through talking, hangs up his receiver before the 
attendant at the P.B.X. removes her answering plug from the 
trunk jack, his connection will not all be released, but, con- 
trary to the usual practise, the connector switch will remain 
connected to the trunk until the attendant at the P.B.X. re- 
moves the plug from the trunk jack. If it were not for this 
provision, the line switch associated with the trunk would 
operate, because of the plug being in the jack at the P.B.X. 
after the connector switch released, just as if the P.B. X. operator 
were initiating a call. The result would be that a traffic dis- 
tributor operator would receive a false signal. 

To take care of the extremely heavy traffic, 44 connectors 
are provided for completing calls to each group of 100 P.B.X. 

unks. 

SPECIAL SERVICE FACILITIES 


Calls for Time. The Home Company receives thousands of 
inquiries daily for the time-of-day. 

The call-number for such service is F-91. This call switches 
each inquirer to an idle trunk which leads to the Home Com- 
pany's own P.B.X. board, at which all such inquiries are an- 
swered by the operator on duty. 

Since these particular trunks are used for no other purpose, 
the operator answers a signal on any of them by throwing a 
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key and stating the hour and minute, without asking the caller 
what he wants. If several calls come in within a short period 
of time, thus occupying several trunks at once, she can speak 
to all of the inquirers at once. 

The P.B.X. operator had some spare time, so that she very 
readily handles this service at no inconvenience or additional 
cost to the company. 

Calls for Information. A party wanting connection to an 
information operator calls the number F-93, and by means 
of first, second and third selector switches is trunked to the 
information board which is located in Olive office. 

All of the four to six thousand information calls made daily 
are handled on an eight-position switchboard and one call 
distributer position. The incoming information trunks termi- 
nate on the distributer position. There is an operator on this 
position during the busy hours of the day, and her work is to 
manually route the incoming information calls to idle informa- 
tion clerks. 

There are before her eight small groups of jacks connected 
to trunks to the eight different clerks' positions, and, as the 
incoming information trunks end in plugs and cords, it is a 
comparatively easy matter for the distributing operator to 
plug the calls through as they come in, so that no clerk will 
have more than one unanswered call in front of her. "This 
ensures practically instantaneous responses. At peak periods, 
when more than eight information calls may come 1n at once, 
the distributer operator herself answers the overflow calls by 
saying ' "Information, just a moment, please.” 

A calling subscriber when so answered, and even if he should 
have to wait 10 or 15 seconds for his information, is more sat- 
isfied than if he had to wait some time without being told he 
had reached the desired department. 

The distributer operator acts also as supervisor over the 
other information girls. Disconnection supervision is given 
on the distributer position and on the individual positions. 
During times of light load all the information trunks are plugged 
through to a few of the information positions, and the dis- 
tributer operator and any clerks, who are not required, are 
dispensed with. 

The information desk is four-sided si two clerks' positions 
on each side and the distributer operator is at a separate desk. 
Every clerk's postion is provided with an inter-leaved direc- 
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tory for use in supplving alphabetical information. In the 
center of this desk is a rotating-turret card-file which affords 
full numerical and geographical information for the whole 
plant and to which all clerks’ positions have ready access. 

Changed-number Service. This service is taken care of at 
the present time at five different district centers. At each of 
these centers there is a special test desk used for various pur- 
poses, and on this the changed-number trunks are terminated 
in different groups of jacks corresponding to the various classes 
of service, such as '' take-outs,”’ ‘‘ moves,” “ special refers,” etc. 

Recently the Home company has tried the experiment of 
connecting the switchboard terminals of "'take-outs," i.e. 
subscribers whose telephones have been taken out, to a pair 
of busbars supplied with current which will produce a peculiar 
tone in the receiver of any party who may attempt to call 
such a line and who consequently will be automatically switched 
into connection with these busbars. 

It has been found that subscribers very quickly learn the 
meaning of such a tone, and in addition to the saving of attend- 
ant’s hire, there is an advantage to the subscriber in that he 
will hear this tone in less time than if he had to wait for a clerk 
to respond. 

At one time, all the “ dead-level " calls, т.е. calls for num- 
bers which have never been used, were answered bv attendants, 
but it was found later to be much more satisfactory to supply 
this special tone on such connections, and that a subscriber 
calling an unused number either accidently or otherwise, would 
almost immediately, upon hearing the tone, hang up and call 
again. This latter scheme was adopted only after an extended 
series of tests had been made to determine the reasons for sub- 
scribers making dead-level calls. This showed that in very 
ncarly all of such cases, the subscriber had transposed his 
figures or in some other way confused the called number, and 
that when informed by the attendant that he had made a mis- 
take, he rarely repeated his error. 

On each chanyed-number position there appears also a mul- 
tiple of all the outgoing trunks from the office, and the attend- 
ant makes periodical tests on every inter-office trunk for im- 
pulse and conversation transmission efficiency. In several 
offices the same girls do general record work also, and answer 
the calls incoming to the office from company emplovees. 

This changed-number service is handled at five centers in- 
stead of one, because it is possible to connect to one trunk only 
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a limited number of the lines, the calls for which require such 
service; and on account of the transient nature of a considerable 
portion of the population of Los Angeles, especially during the 
tourist season, it would be necessary to use an excessive number 
of valuable inter-office cable pairs for the changed-number 
service if it were concentrated at one point. 

Complaint Service. The Complaint service call number is 
“O.” Complaints also are received at five district centers. 
A special feature in Los Angeles is the method for handling 
the so-called “ double-number " complaints. Such complaints 
are peculiar to automatic plants, and in most cases are such 
calls as would be satisfied in a manual plant by the operator 
saying, " They don't answer" or “I am ringing them;" ог 
cases where a supervisor would be summoned to verify busy 
reports, etc. 

In Los Angeles, when a subscriber reports that he cannot get 
a wanted number, the complaint clerk immediately calls the 
number desired on an outgoing trunk of her own. If she secures 
a response from the called party, she then directly switches the 
complaining party into connection with the called party via 
the trunk used by her. It has been found that in about 66 
per cent of the cases, the complaint clerk is able to get the 
wanted party. 

The complaint clerk is enabled also to cut in on any busy 
line to determine if it is “ busy " because it is actually in use 
or because the wanted party has left his earphone off its switch- 
hook. She has means also for testing on any '' no-response ” 
call to determine if the bell of the called station 1s actually being 
rung or not. 

At one time it was the general practise to have an experienced 
automatic switchboard attendant or tester respond to each of 
these complaints by asking the calling subscriber to dial the 
desired number under the supervision of the tester. This was 
for the purpose of detecting any possible disorder which might 
have caused the complaint, but inasmuch as the records showed 
that two-thirds of all such re-calls secured a response from the 
wanted party, and nearly all of the remainder failed because 
of legitimate conditions, such as absent subscribers, delayed 
responses or actually busy lines, it was concluded that this was 
a very inefficient method for the company, and resulted in much 
loss of time by calling parties. The present method was there- 
fore adopted. 

It was at first suggested that the subscribers might be inclined 
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to abuse the new method of handling such complaints; that is, 
that some might be inclined to call a complaint clerk and have 
her dial all of their numbers for them, but during eighteen 
months of close observation with the new method in use the 
“ double-number " complaints have not exceeded the original 
number of 1 per 300 calls, or 1 per station per month. It is, 
of course, only logical that the fear of abuses should have been 
ungrounded, because telephone users almost invariably prefer 
to make their own connections. 

Testing Lines and Subscribers Stations. | All of the outside plant 
testing and all dispatching of repair men is done at five district 
centers. At the one time, each of the fifteen individual offices 
handled all such work for its own district, but by combining the 
small districts into larger ones, it was found that the repairmen 
could be worked at much higher efficiency and that troubles 
were removed more quickly. 

Test-connector switches are installed in all the offices, so that 
by using his dial the wire-chief or line-tester, at each district 
center, can make immediate connection to any office and to any 
line therein that he may have occasion to test. 

This centralization of outside plant testing is of comparatively 
recent development and is thought to be especially practicable 
in automatic systems. It has been planned to combine some 
day the present five groups into two or possibly one. That 
has already been done in the routing and dispatching of service- 
tap crews, all such work being very satisfactorily handled from 
one desk in the Olive office. 

Method of Setting up Long-Distance Calls. The long-distance 
lines, to which the Home Telephone and Telegraph Company 
connects, are owned and operated by the United States Long 
Distance Telephone & Telegraph Company and serve the com- 
mercial district about Los Angeles. They connect in the south 
with the automatic system at San Diego, run north 200 miles 
miles to Santa Maria and east to San Bernardino and Red 
Lands. 

Los Angeles subscribers now secure Long-Distance by calling 
a three figure number, F-95. The first figure of this number 
gives a calling party an idle trunk to Olive office where the 
second digit actuates a second selector which picks out an idle 
trunk to a third selector. This third selector responds to the 
figure à by extending the connection to an idle cord circuit on 
the position of a recording operator, who takes the patron’s 
order in the way that is common practise everywhere and tells 
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him that he will be called when the wanted party has been se- 
scured. 

The only other feature peculiar to automatic practise in hand- 
ling such a connection is the work done by the line operator in 
calling the automatic subscriber when the party wanted by him 
ison the line. АП calls from line operators for subscribers in the 
Olive office are completed by a switching or special B operator in 
Olive office, who has access to the full multiple of all lines which 
is used by the operators who handle the P.B.X. trunks. Calls 
for all other offices are completed by the long-distance operators 
themselves by means of dials. Each line operator has access to 
a certain number of outgoing trunks to first selector switches 
which are situated in the long distance office, and from the banks 
of these first selectors, trunks are run to the various main offices 
throughout the city, where they terminate in second selectors. 

Long-distance Automatic Calling. Not only do the Los 
Angeles automatic switches establish about half a million local 
connections daily, but practically all long-distance calls orgi- 
nating within fifty miles of the city and completed through 
the Home company's plant are set up by these same switches 
in response to calling-devices which are installed upon the 
various long-distance boards in the surrounding territory, and 
manipulated by the operators presiding over them. In fact, 
one exchange one hundred miles from Los Angeles dials its 
calls to subscribers in that city. 

This method of setting up and taking down long-distance 
connections speeds up the service very decidedly and thereby 
increases both the patrons’ satisfaction and the efficiency and 
earning power of the long-distance lines. One does not realize 
how very important speed is in a territory served like this by 
competing long-distance lines, until he learns that it is fairly 
common practise for a busy patron to order up a desired con- 
nection over both lines, to talk over the one which is ready 
first and to cancel the order given to the slower competitor. 

Flexibility of the System. The various kinds of service men- 
tioned in the foregoing pages, and others such as fire calls, 
police calls, etc. to which reference might have been made, 
show how flexible is automatic switching equipment and how 
well adapted to fulfill the requirements of modern telephone 
service; otherwise it would not have been possible to gradually 
build up, in the face of the keenest competition, the great 
successful system serving the people of Los Angeles. 

Proper Standards Ensure Good Service. When one not thoroughly 
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initiated into the mysteries of Automatic telephony is informed 
that for an average automatic connection in a svstem like 
that in Los Angeles, the selector and connector switches per- 
form fifty separate and distinct operations, making a total of 
over twenty-one million per dav for the svstem, and that if 
the mechanisms fail in one of these operations, some patron 
fails to secure the party he calls, the novice wonders that any 
individual or organization ever had the temerity to attempt 
to supply telephone service automaticallv. In fact, he is in- 
clined to accept without question the statement, of an old, 
dyed-in-the-wool manual telephone engineer, who upon first 
hearing of an automatic switchboard, exclaimed, “ God never 
intended that telephone service should be given in that way." 
But as one becomes somewhat better acquainted with the ap- 
paratus he begins to understand that the selector and con- 
nector switches are all alike in most of their mechanical features 
and are each constructed and adjusted to operate beyond 
certain limits of line resistance, capacity, inductance and leak- 
age, which are entirely feasible and practicable. "These limits 
are no narrower in the automatic system than they are in 
manual systems, and, in truth, the mechanisms readily operate 
bevond the limits which are necessarv to keep the transmission 
of conversation up to a rcasonably good standard. Therefore, 
although every connector switch in the Los Angeles system 
must be rcady to respond at any time to impulses sent from 
the calling device of any one of the 45,000 automatic telephones, 
scattered all over an arca of about 200 square miles, no serious 
difficulty and no element of chance is encountered. Nor is it 
necessary or possible to adjust each switch to the various 
lines. On the contrary, the switches are not adjusted to the 
lines at all, but to certain standard, artificial lines whose char- 
acteristics are more severe than those of any of the real lines 
in the entire system. Thus by the use of a few easily attained 
standards, an operating problem, which appears at first glance 
to be very complex and mysterious, becomes so simple that 
when attacked by the efficient, well supervised organization 
of the Home Telephone & Telegraph Company the result is 
unexcelled telephone service—a result much appreciated in 
the commercial and social life of the city of Los Angeles. 

I wish hereby to express publicly my indebtedness to Mr. 
Leo Keller, chief engineer of the Home company for 
his valuable assistance in supplying data for this paper. 
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CONDITIONS AFFECTING THE SUCCESS OF MAIN 
LINE ELECTRIFICATION 


BY W. S. MURRAY 


ABSTRACT OF PAPER 

In this paper are laid down the conditions affecting the suc- 
cess, for both the public and the railroad, of a main line elec- 
trification project, as they have developed in the author's ex- 
perience with the New Haven 11,000-volt, 25-cycle, single- 
phase, overhead contact system. Reliability of service and 
comfort and cleanliness in operation constitute success from 
the point of view of the public, while the railroad requires, in 
addition, economic success. Success is dependent, apart from 
the engineering, construction, and operating features, entirely 
upon the density of traffic. 

A commercially successful electrification is one which cuts 
the operating expenses of steam-operated territory it has ге- 
placed to a figure such that the savings effected are suflicient 
to justify the investment. The savings in operating expenses 
made by electrification are, in the order of their importance: 
saving in fuel; saving in motive-power maintenance and re- 
pairs; saving in train-miles. 

As specimens of the reliable data being obtained from the 
operation of the New Haven system, statistics from a recent 
monthly operating report are presented in tables as follows: 

1. The amount, distribution and cost of electric power 
generated at Cos Cob station. 

2. Statistics and operating costs of clectric passenger service. 

3. Statistics and operating costs of electric freight service. 

4. Statistics covering line and equipment failures. 

Tables are also presented showing construction costs for 
catenary construction of different types, including anchor and 
sectionalizing bridges. 


EFORE touching upon the conditions affecting the success 

of main line electrification, perhaps it would be best to 

address ourselves to the question as to what constitutes success. 

A successful electrification may be considered as such from 

several viewpoints, and this leads to the necessity of a clear 

understanding with regard to projected results, both on the 
part of the railroad and the public. 

A successful electrification means, of course, successful trans- 
portation by electric motive power. Classifying success into 
its broadest terms, an electrification may be: 

1. A success for the public. 

2. A success for the railroad. 

3. А success for both the public and the railroad. 
1873 
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Naturally the greatest objective is the attainment of No. 3 of 
the above classification. 

The railroad is vitally interested in the pronouncement by 
the people as to whether its electrification is successful or not, 
and, while the viewpoint of the railroad is identical with that 
of the people throughout their range of vision, looking at it, 
however, from the purely railroad side, a successful electrifica- 
tion, besides this, must answer the dictates of good business, 
which in turn are governed by the rules of economic consideration. 

In latter times the tremendously decreased gross earnings 
and a complementary increase in operating expenses have so 
greatly reduced the net incomes of the railroads that the public 
have awakened to the fact that they are staggering under a 
financial load which, if not modified or alleviated in some way, 
will shortly make receivership the rule rather than the exception. 

À few years ago a movement was started by the public to 
require the railroads to electrify, this being directed towards 
roads of large size with their attendant city yards and terminals. 
There were two principal and logical factors against the justice 
of this demand, the first being that at that time there was very 
little statistical information as to form, application, and eco- 
nomic result of electrification; and, second, due to the extremely 
grave financial situation as above described, it was patent that 
the railroads could not possibly carry the increased financial 
obligations that such a demand necessitated. The public were 
thus brought face to face with the undeniable conclusion that 
they were demanding something impossible, and so there has 
been a pause on their part, which has indeed been gratefully re- 
ceived by the railroads of this country. Let it be said that this 
very pause will later shed its dividends over many, for during 
this time the few railroads that had committed themselves to 
electrification have had an opportunity to study it in all of its 
important details and ramifications, and later, after an adjust- 
ment has been made whereby the solvency of the railroads of 
this country is guaranteed by a proper relation between trans- 
portation rates and operating expenses necessary to the safe 
conduct of their business, with enough left over to provide a 
reasonable return on a fair valuation of the property in use, 
then, and only then, wil the railroad companies be able to 
do what today they cannot, namely, attract new capital required 
for electrification; and so, while a reference to this matter may 
be slightly off the subject of this paper, yet I cannot but take this 
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Fic. 1—Four-TRACK TANGENT COMPOUND CATENARY CONSTRUCTION 

Showing anchor bridge in the immediate foreground, with sectionalizing switches in- 
stalled thereon. Signal tower is seen at the right of the tracks, and from this tower sec- 
tionalizing switches are controlled. Note also crossover under anchor bridge, with its 
overhead contact wire. 


[MURRAY] 


Fic. 2--5іх-Тваск TANGENT COMPOUND CATENARY CONSTRUCTION 

Showing electric freight locomotive and train. Freight trains are operated between 
Harlem River and New Haven. the normal maximum tonnage of which may be, with 
double locomotive and multiple-unit control, up to 3150 tons. The introduction of 
freight hauled by electricity has permitted the division to increase the steam tonnage 
rating twice, reduce time by 33 per cent and train crew expenses to one-half. 
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opportunity to say in the abstract that this is indeed an im- 
portant condition precedent to successful electrification. 

The pause has given us a chance to learn many things about 
electrification. I do not believe that I would be conveying in- 
formation to many who have studied the subject to say that 
there are probably one hundred places at this moment where 
conditions are such as to ensure successful electrification. For 
example, there is one situation I have in mind where an ex- 
penditure of $5,000,000 would yield beyond peradventure а 
return of 20 per cent—this as measured against the present steam 
operation of the territory contemplated for electrification; and 
yet in the same breath it might be said that if the yield could 
be shown to be 40 per cent instead of 20 per cent the clectrifica- 
tion of that territory would be denied, and rightly, too. Why? 
Because, for roads sufficiently large to consider electrification, 
a sum of this size is small in comparison to their existing capital 
investment, and a proper relation must first be established be- 
tween capital already invested and the return upon it before 
further charges against capital account are made, no matter 
how attractive the return on the proposed betterment may be. 

Quite a number of trunk line railroads, both in this country 
and abroad, have been studying electrification. The New York, 
New Haven and Hartford Railroad has not only been studying 
it most carefully, but has also had the opportunity of assembling 
data from the practical experience of operation with a range 
of application that includes all classes of transportation. Millions 
of ton-miles in these several services have been actuallv recorded 
in the logs of the road's operation. In passenger service alone 
for the усаг 1913, 2,182,000 electric passenger locomotive-miles 
were recorded, which alone would represent approximately 
600,000,000 ton-miles. The part of the New Haven svstem 
that has been electrified constitutes 146 most important division, 
extending from New Haven to New York, and on its main line, 
vards, sidings, and spurs every class of railroad movement 1s 
being daily made by electricity. A brief physical description 
of this division mav be as follows: 

Route mileage electrified, 73 miles, of which 61 is of four 
tracks and 12 of six tracks, thus giving a total main line mileage, 
measured in single track, of 316. To this may be added 184 
miles of vards, sidings, and spurs, thus making a grand total, 
measured upon a single-track basis, of 500 miles. It is of in- 
terest to note that of the yards electrified one includes 35 miles, 
the other 25 miles. 
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Electric power is supplied to this extensive mileage from a 
single station, centrally located, but which, in a short time, will 
be supplemented by other supplies to be applied at the east and 
west ends of the electrification zone. There are 100 passenger, 
freight, and switching electric locomotives, and 69 multiple-unit 
cars. One main electrical shop has been completed, the capacity 
of which permits the maintenance and repairs of the above- 
mentioned electric motive power. Facilities for inspection of 
electrical equipment are also provided at various points in the 
electrification zone, the more important points being, of course, 
at termini. 

To date, over $15,000,000 has been expended on this elec- 
trical transportation plant as above described. While such a 
figure represents the cash outlay, they have accrued to its appro- 
priation accounts, during the process of construction, large credits 
for steam equipment replaced, as, for example, the 150 steam 
locomotives which have been transferred to other parts of the 
New Haven system, and the steel bodies of the multiple-unit 
equipment, which would have been purchased even had not the 
electrification been undertaken. 

Descriptive of the electric movement on the New Haven 
electrification zone, the following facts with regard to passenger, 
freight, and switching service may be of interest: 

Passenger. At the present time all passenger service west 
of Stamford, Conn., is electrically operated. For the winter 
time-table now in effect, excluding Sundavs, the schedule calls 
for 68 trains per day into Grand Central Terminal, two through 
trains terminating in Harlem River Station and the same number 
of trains out of the Grand Central Terminal and Harlem River, 
or a total of 140 trains per day. 

The Harlem River Branch service includes 19 trains each way 
per day, except Sundays, between New Rochelle and Harlem 
River. 

On the New Canaan Branch 16 trains are operated each way 
between Stamford and New Canaan. 

This makes a total week-day schedule of 210 trains per day. 
Additional trains in and out of Grand Central Terminal are 
operated on Saturdays, and extra trains are also run on the 
Harlem River Branch on Sundays. 

Of the 70 through trains per day between Grand Central 
Terminal, or Harlem River, and New Haven, 46 are electrically 
operated the entire distance, steam locomotives being used be- 
tween New Haven and Stamford on the remaining 24 trains. 
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Of the 210 trains per day, 114 are hauled by electric loco- 
motives, multiple-unit equipment being used on the remaining 
06 trains. 

Forty-eight a-c-d-c. locomotives are used in passenger ser- 
vice. The multiple-unit equipment at the present time com- 
prises four a-c. motor cars, 21 a-c-d-c. motor cars, and 46 trailers. 

The average number of electric train-miles per day is about 
6600, of which 1400 are made by multiple-unit equipment, the 
remaining being trains hauled by electric locomotives. 

The passenger locomotives make an average of 8200 miles 
per dav, some of the individual locomotive mileages being as high 
as 450 to 500 miles. Forty-one of the 48 passenger locomotives 
used in a-c-d-c. service were originally designed to haul trains 
of 200 tons trailing weight in local service, 250 tons in local 
express service, and 300 tons for through express service between 
New York and New Haven. At the present time two of these 
locomotives are only used on through express trains where the 
trailing weight exceeds 390 tons, and two locomotives may also 
be used on heavy local trains. 

New flash boilers have recently been installed in these 41 
locomotives, of increased capacity, to provide for steam heating 
of through passenger trains between New York and New Haven. 
This is accomplished successfully. Through service between New 
New York and New Haven was inaugurated in June, 1914, and 
these locomotives easily make their running time in express 
service. 

The remaining seven a-c-d-c. passenger locomotives were 
originally designed to haul local trains of 350 tons trailing 
welght or express trains of 800 tons trailing weight at a maximum 
speed of 45 miles per hour. In actual service these locomotives 
attain a maximum speed of 55 miles per hour. 

The multiple-unit motor cars make an average of 2100 miles 
per day. The proportion of trailers to motor cars for a-c-d-c. 
equipment averages two trailer cars to one motor car. On the 
New Canaan Branch the proportion 1s one trailer car per motor 
car, while on the Harlem River Branch about one-half the trains 
have two trailers per motor car, the remaining trains consisting 
of a motor car and one trailer. 

Of 96 trains operated per dav by multiple-unit equipment, 
38 are Harlem River Branch locals, 32 are New Canaan Branch 
locals, and the remaining 26 are either locals or local express 
trains between New York, New Rochelle, Port Chester, Stam- 
ford, and New Haven. 
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Freight. Thirty-six a-c. locomotives are used in freight ser- 
vice. These are geared locomotives of 1400 h.p. each and 
designed originally to haul a trailing load of 1500 tons in through 
service at 35 miles per hour, although they are used at times for 
heavy passenger service in the a-c. zone during the summer 
months, when heating of the trains is not required. Some of 
these a-c. locomotives are used іп transfer service between Oak 
Point and Westchester freight yards on the Harlem River Branch 
others in way freight and switching service, but the majority 
are used on through freight trains between Harlem River and 
Bridgeport or New Haven. Outside of the fast freights, which 
are usually under 1500 tons trailing weight, most of the freights 
are hauled by two locomotives, the trailing tonnage averaging 
from 2500 to 3000 tons, although, as an experiment, tests have 
been made in using three locomotives with trains of over 200 
cars and 4500 tons trailing weight. 

About 20 freight trains are hauled daily at the present time 
by electric locomotives between Harlem River and Bridgeport 
or New Haven. 

Switching. Electric switchers are used in the three main 
switching yards on the Harlem River Branch, located at West- 
chester, Oak Point, and Harlem River; likewise at Stamford, 
Port Chester, New Rochelle, Mt. Vernon and at Van Nest, 
the latter yard being principally used for storage. 

At Oak Point and Harlem River the switchers are used prin- 
cipally for unloading and loading floats and making up trains. 
One switcher was placed in service in March, 1911, at Stamford, 
and the remaining 15 have been in operation since September 
1912. They have been highly successful in operation, and their 
reliability is evidenced by the fact that to date there has only 
been one case of grounded main motor, although the 16 locomo- 
tives have made approximately 50,000 miles each. Some of 
these locomotives have been at times in continuous service 24 
hours per day for 30 days, the only attention received being the 
renewal of blower or compressor motor brushes, or contact shoe 
of pantograph trolley at such times as change was made of the 
operating crew. 

Four of these electric switchers have been found to do about 
the same work as six of the steam switchers, which they have 
displaced, principally on account of the fact that the electric 
switchers can be used almost continually with no lay-over 
periods. On account of the simplicity of the equipment on 
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Fic. 3—ViEW IN WESTCHESTER YARD, HARLEM RIVER BRANCH 
Showing overhead construction used in electrifying large yards. The cross catenary 
span in the immediate foreground serves ten tracks. In the case of the Harlem River 


Yard there are single spans serving eighteen tracks. For equal electrical energy delivered, 
the cost of this construction is one-third that of the third-rail. 


[MURRAY] 
Fic. 4—STANDARD STRAIGHT ALTERNATING-CURRENT FREIGHT Loco- 
š MOTIVE 


Capable of handling 1500 tons at 35 miles per hour continuously. Weighs 110 tons, 
80 per cent of which is on drivers: develops a maximum tractive effort of 40,000 Ib., and will 


maintain a tractive effort of 12.000 lb. continuously. The rated continuous capacity of 
this electric engine is 1400 h.p. The overhead contact shoe receives a potential of 10.000 
volts, which is transformed to 600 volts and in turn is delivered to the terminals of four 
twin motor equipments in parallel. each motor on the twin combination receiving a maxi- 
mum normal potential of 300 volts. 
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these locomotives, used only on alternating current, compared 
with the more complicated equipment used on the a-c-d-c. 
locomotives, no trouble has been experienced in breaking in 
new men, and, as a rule, the engineers need comparatively little 
preliminarv instruction. when being transferred from a steam 
locomotive to an electric switcher. 

Mercury Rectifier Car. For some time a motor car has been 
in service which has been equipped with a Westinghouse-Cooper 
Hewitt mercury arc rectifier and four 250-h.p. motors. After 
a period of experimental runs on the Harlem River Branch, this 
car was placed in commercial service on the New Canaan 
Branch on September 16, 1914, hauling two trailers, the weight 
of the trailing load being 76 tons. In this service the motor 
car has been making an average of 240 miles per dav. During 
the time the car has been in commercial service two delays due 
to failure of the equipment on the motor car have been re- 
corded—one of three minutes on October 13 due to poor con- 
tact of a control interlock finger, and one of sixteen minutes on 
October 16, due to a broken belt on the circulating water pump. 

In 1905, when it became necessarv for the New Haven Road 
not only to actively consider electrification, but promptly decide 
upon the system to be used, as there was but a scant two years 
left between that time and the date set by the decree of the New 
York Court for all New Haven and New York Central trains to 
operate by power other than steam through the Park Avenue 
Tunnel, a careful study into the conditions surrounding the New 
Haven requirements pointed to the necessity of a svstem differ- 
ent in principle and arrangement from that which had been 
decided upon and very nearly completed by the New York 
Central Companv—not that the New York Central Company 
had not made a choice of system which was entirely correct, 
but because the New Haven conditions were so entirely different 
from those of the Central. If we regard the New Haven elec- 
trification a success, here we must first note conditions that had 
to be reckoned with to ensure that success. 

It was plain to the engineers who had studied these conditions 
that even in that early day, when the direct-current, 600-volt, 
third-rail system was at the height of its efficiency and popu- 
laritv, it would fail by far, when examined upon an economic 
basis, in the result that would be secured in the use of the high- 
voltage, single-phase system. 

In those days our experience with the a-c. system was nil; 
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a clear vision as to the correctness of its principles, however, 
more than replaced this lack of experience. To many these were 
strange arguments to use against a well-tried-out and accepted 
system, and, while deeply sensible, of a period both difficult and 
trying to the operators of the road, the burden of this decision 
had been made light by a willingness on the part of all to take 
a perspective rather than a foreshortened view of the situation as 
it has gradually worked its way out of its initiative troubles. 

A storm of criticism from all parts of the world assailed our 
conclusion. Аз this, however, is ancient history, to say more 
along these lines would be to say less. This paper, however, 
might lack a detail not to mention the real reason for which a 
paper, entitled The Log of the New Haven Electrification,* pre- 
sented in 1908 before the American Institute of Electrical 
Engineers, was written. It seemed to the writer that the thick 
laver of criticisms shortly after electrical operation was inaugu- 
rated, on top of the number that had been received before, 
required that the discussion be held down to the actual facts 
in the case, and, knowing that the principles upon which the New 
Haven electrification was based could not be assailed, and that 
the log sheet of operation, bad as it was, was merely a reflection of 
the minor details common to initiative in all new undertakings, 
it were best to write a paper of the faults that had appeared and 
the methods used for their correction. This had the desired 
effect, as the discussion since then has been held within the facts. 

It took not a great while to determine upon and eliminate 
the causes incident to the failures which reflected deleteriously 
upon the service of the road, and, while the reliability of operation 
in the electrical zone rose to some three or four times that of the 
steam operation it replaced, it was not then or even now what it 
will ultimately be. At this point we touch upon one of the con- 
ditions to be satisfied in order that an electrification may be called 
a success; namely, reliability of service. 

The replacement of a steam service which had never been 
criticised, by an electrical one of increased reliability, naturally 
brought the pronouncement of success by the public. Indeed, 
since those first davs after the elimination of the troubles which 
assailed us in our initiative operation there has never been any- 
thing other than a favorable comment, both on the part of the 
public and the technical press. Naturally this was most en- 
couraging to the New Haven engineers. 


* Trans. А. 1. E. E., 1908, XXVII, Part II, р. 1613. 
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About three years following the presentation of The Log of the 
New Haven Electrification, the writer ventured a second paper, 
entitled Electrification Analyzed, and its Practical A pplication to 
Trunk Line Roads, Inclusive of Freight and Passenger Operation,* 
this also being under the auspices of the American Institute of 
Electrical Engineers, the intention being to present such elec- 
trification construction and operating data as he had collected 
to date, thé object of the paper being to show the adaptability 
of electricity to extensive trunk line movement in all of its 
branches, covering passenger, freight, and switching on terminal 
and main line tracks. 

In presenting the paper the writer purposely avoided a refer- 
ence to comparative costs of operation between steam and elec- 
tricity for two reasons: The first, because of the fact that only a 
part of the whole division was electrified, and an extremely ex- 
pensjve interchanye of steam and electric operation had to be 
maintained, necessitating expensive duplications and special ar- 
rangements which would not have been common to either system 
had one or the other been used in its entirety upon the whole divi- 
sion. The second has reference to the matter of construction 
costs, which were exceedingly high in the case of the original 
electrification between Woodlawn and Stamford—the first under- 
taken. I am sure it will be of interest to state that in the 
original electrification the unit cost in 1907 for the four-track 
overhead system was just double the amount expended on the 
four tracks recently completed in the section between Stamford 
and New Haven. 

In the discussions before the American Institute of Electrical 
Engineers and the American Society of Civil Engineers repeated 
requests were made for a presentation of the construction and 
operating costs in connection with the New Haven electrification. 
For the reasons above cited, and because of the fact that the 
New Haven electrification was decidedly handicapped in being 
required to build its motive power equipment to operate with 
either alternating current or direct current, the writer concluded 
that the time had not arrived where a presentation of these 
details would serve a useful purpose. Especially was this true 
in the bitter war that was being waged by parties who were 
prone to look upon the single-phase system of traction as de- 
terrent to the application of the “ more reliable direct-current 
third-rail system "—then in the flower of its youth, but since 
gone to seed! (I, of course, have reference to trunk lines.) 

*TRANs. А. I. E. E., 1911, XXX, Part И, p. 1391. 


1852 MURRAY: MAIN LINE ELECTRIFICATION []ап. 20 


Here was the problem the engineers of the New Haven Road 
had placed before them: the consideration of an electrification, 
the demands upon which would be far beyond any other hitherto 
constructed or contemplated. The conditions and principles 
applying to the past and smaller electrifications did not apply to 
it. Which were to control—the correct principles with the fail- 
ures always common to initiative, or the wrong principles with a 
sureness that the service for possibly a number of years would 
be of a more reliable character? Some of our friends in the 
technical press have been good enough to sav some kind things 
with regard to the courage of our convictions. It did not take 
a very great deal of courage to do the right thing, and it cannot 
be denied that right principles should always govern. 

Naturally, ten years of almost undivided attention to electri- 
fication work has brought a better knowledge as to how power- 
houses, lines, locomotives, and shops should be constructed, and 
I do not believe I overstate when I say that the electrical plant 
the New Haven now possesses could be reproduced, and with far 
better operating results, at certainly not more than 60 per cent 
of its original cost, but, notwithstanding this, when the electric 
division is on a 100 per cent electrical basis the economic return 
will be sufficient to justify the electrical expenditure to date. 

The recent decision as to choice of svstem on the part of the 
Pennsylvania Railroad in favor of single phase for the proposed 
electrification on the main line between Philadelphia and Paoli, 
this action being a forecast of the system to be employed in the 
event of the future financial situation permitting electrification 
between New York and Washington, was one of no small conse- 
quence and pleasure to those who had been toiling to establish 
a correct application of electrification to trunk line territory. 

To those «ho every day had been in close association with the 
practical workings of this svstem initially installed on the New 
Haven, failures were too closely associated with cause and effect 
to suggest even disappointment, to sav nothing of discourage- 
ment, but let me refer to an admirable and fine distinction as 
evidenced in the decision of Gibbs and Hill, which discounted 
apparent for real results, and settled that the body of their elec- 
trification should be upon a single-phase basis, notwithstanding 
that the largest terminal upon the same railroad was operated 
upon a direct-current basis. 

I envy, indeed, the result that they should be able to produce 
for the Pennsylvania Company in the use of straight alternating 
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Fic. 5—MULTIPLE-UNIT TRAIN OPERATING ON Six-TRACK HARLEM 


RIVER BRANCH ELECTRIFICATION 
This multiple-unit train is also designed for operation on the New York Central direct- 
current third-rail system. Each motor саг has sutħcient capacity to haul itself and two 
trailers. 
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Fic. 6—ErkcrRIC SWITCHER No. 0213, DOING REGULAR SWITCHING 


SERVICE IN OAK POINT YARD 
Four of these engines are capable of doing the work of six steam switchers. They 
weigh SO tons, with 100 per cent weight on drivers. They will develop 40.000 Ib. tractive 
effort. and will maintain a tractive effort of 12,000 Ib. continuously. Sixteen of these 
electric engines have recorded over 1.200.000 miles in switching service, and one failure, 
a burned-out armature, due to a prolonged and excessive load from brakes sticking, is 
the record of their performance to date. 
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current upon their lines. Even the record of the New York, 
Westchester and Boston with its straight alternating equipment 
whose log sheet reports will show 125,000 miles per car failure, 
"тау be surpassed on the Paoli division by this coming Pennsyl- 
vania electrification. As I forecast this record that should be 
made, I review in retrospect some of the experiences that have 
caused it to be possible. Among the number are generator wind- 
‘ings that have torn themselves loose from their housings by action 
of 11,000-volt short circuits upon their grounded phases; sec- 
tionalizing oil switches on the line hurling their cover plates 100 
fect in the air, due to these same short circuits; the overhead 
contact line parting company with itself, due to high-speed pan- 
tograph shoes impinging themselves against the hard spots at 
hanger points; locomotives nosing their wav along the tracks 
with broken quill springs and grounded motors; and so we might 
go on drawing the picture of our difficulties based upon lack 
of experience, but the future is the brighter picture. None of 
the railroads, not one, will have to go through this. It is all 
behind us, and present operating statistics are now the proof that 
the high-voltage alternating-current electrification, with its 
attendant higher efficiency, will be as reliable as the direct-cur- 
rent, if not more so, on account of the simplicity of 1ts control. 

Governed by the right principles, we have passed from the 
davs in which we desire to make it work into those in which 
we must makeit pay. Accurate distributions of the costs in all 
departments of construction in their application to power-house, 
lines, locomotives, and shops, together with expenses incident to 
the maintenance and operation of these salient features since the 
work was first undertaken, have shown a declining curve of unit 
costs throughout these various details as against the progress of 
time. Some road had to make the first break into the dark. No. 
one had any advice to give, as no one had any experience upon 
which to base it. Some of our critics have been inclined to view 
the New Haven electrification as a great experiment. They are | 
right—it was; but as an experiment it has given a cleaner and | 
more reliable ride for the public, and in the end will not cost 
the New Haven road a (economic) penny; but its greatest value 
in my estimation has not been so much this as the more stable 
position in which it has placed the other roads to this country to 
consider electrification, a subject to which they will have to 
address themselves 1n the near future. | 

The larger part of the experimentation is over, and, from the 
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data assembled, future results, in the application of electricity 
in heavy trunk line territory, can be predicated on assembled 
facts, and not predicted from hypothetical analysis. Critics have 
had it that the so-called “ battle of systems ” has delayed the’ 
electrification of railroads. As an electrical engineer keenly 
alive to the desirability of interesting railroads in moving their 
trains by electricity, I am glad if any insistence on my part 
upon the matter of “ system first ” has delayed electrification 
in this country, and argue that every minute of the delay will 
be a future asset to the railroads. 

When we talk about railroads we generally mean trunk, lines, 
and all trunk lines have essentially common and determining 
characteristics that make the best system of power distribution 
for one the best for all. Therefore I count it most fortunate that 
electrification has been delayed. Over thesame standard gage, 
cars of every description can be hauled. Therefore, why not a 
standard overhead conductor, under which every form of electric 
motive power can operate? 

I recall with interest one of the New York Railroad Club 
meetings, of which many have been held, tvpified as their “ Elec- 
trical Night,” at which a committee, previously appointed, re- 
ported its recommendations with regard to the application of 
alternating or direct current to specific situations. Particular 
stress in this report was laid on the advocacy of direct current for 
large terminals. This appeared to me as a fallacious conclusion, 
as the record of my remarks for that evening will doubtless dis- 
close. It was clockwork typified in the movements made in 
these great New York Central and Pennsylvania direct-current 
terminal electrifications. A credit indeed was due the splendid 
corps of engineers who in those early days were responsible for 
the decision and execution of these works; yet conspicuous for 
their absence оп this committee was that same corps of engineers, 
for to have subscribed to such an electrification policy would 
have included their concession that the tail of the dog was to 
wag his body! The committee made it clear that if the elec- 
trification was to be confined to terminal limits, then without 
question that electrification should be undertaken upon a direct- 
current basis. Immediately following this recommendation, 
alternating current was prescribed at best befitting trunk lines. 
I well recall the hiatus from which mv brain recled as I listened 
to the speaker divorce the trunk line from its terminal and 
draw in perpetuity the picture of the one great electrical evil 
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from which it was desirable to escape; namely, the uncongenial 
marriage of alternating current to direct current. Fortunately 
we have learned enough about this matter by experience not 
to fear the execution of such a policy. Аз evidence of this fact, 
one of the simplest proofs is a reference to the wonderful re- 
liability and economy of service to which we are treated in 
serving the great terminal yards at Oak Point and Harlem 
River with the straight alternating-current switching locomotive. 
During the past two years, in which 16 engines of this type have 
been in operation and in which over 1,000,000 locomotive-miles 
in commercial switching service have been recorded, there has 
been, as previously said, just one main motor failure. This 
however, is touching upon details of which we will speak later, 
and I have only mentioned it here in support of the argument 
that all motive power equipment should, if possible, be designed 
for operation upon one form of current, this being one of the 
essential conditions precedent to successful electrification. 

At this juncture it is of interest to point to the fact that under 
the single-phase, high-potential contact wire, three types of 
electric motive power—the single-phase, the three-phase, and 
the direct-current (through the medium of а rectifier)—can 
operate; thus each class of equipment is permitted a supply of 
power unchanging in form. 

The principle of cardinal importance to the writer’s mind, 
and one of the conditions affecting the success of main line 
electrification, may, therefore, be said to be the establishment of 
a standard system of power distribution, from the contact wires 


of which shall be delivered power in standard and unchanging . 


form, and, while all electric locomotives or multiple-unit equip- 
ment will primarily receive this power in identical form,it may 
thereafter be modified or transformed to conform to any type 
of alternating-current or direct-current equipment, which is in 
turn prescribed by the local conditions. Sucha standardization 
would provide a single high-voltage contact wire running 
throughout an entire electrification zone upon which are im- 
pressed 11,000 volts of 25-cycle, single-phase electricity. 
Such a line could have operating bencath it single-phase equip- 
ment of the New York, New Haven and Hartford design, three- 
phase equipment of the Norfolk and Western design, and, finally 
(through the medium of the rectifier), direct-current equipment 


of the New York Central design, all of these equipments having | 


entirely dissimilar torque-speed characteristics prescibed as local 
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conditions demand. І believe that we will all admit that such a 
standardization offers a wonderful flexibility, but, after all this, 
flexibility is not the real reason for its acceptance, although we 
cannot fail to class it as one of the facts that form a part of a 
correct conclusion. The real reasons are rooted in the field of 
economy, where the railroad dollar must justify its investment. 
There is no other distribution and contact system that can touch 
it in efficiency. Its principles have intertwined themselves with 
every application of electricity in the variegated field of its use- 
fulness, and in no place is its application more apt than in supply- 
ing power for train movement. 

Up to this point the writer has possibly levied upon your 
indulgence in treating his subject upon very general lines, but in 
so doing there has not been a moment when the specific subject 
of the paper has not been in mind. The subject itself is such а 
broad one that in truth it must be said that it has been more 
difficult to know what not rather than what so say, and what has 
been said has only been in an effort to show that during his pause 
we have been schooling ourselves by the analvsis of the data 
secured; sorting it into cost versus return; studying comparative 
results arising under varying conditions; crystallizing out the 
mistakes that have been made in the past by lack of sufficient 
experience and information; drawing conclusions that are not 
guesses on what shall be the future methods to be followed in 
electrification, and assembling our facts for ready reference and 
application. 

Now, coming to the specific subject of the paper, let me point 
first to the great underlving condition, apart from the engineer- 
ing, construction, and operating side, upon which the success of 
main line electrification, from a combined public and railroad 
standpoint, is founded: success 1s entirely dependent upon the 
density of traffic. 

A commercially successful electrification may be described as 
one which, through its agency, cuts the operating expenses of 
steam-operated territory it has replaced to a figure whereby the 
savings effected are of an amount sufficient to justify the invest- 
ment made. 

Our experience to date has taught us that electrification points 
to three principal places where economy of operation can be 
secured, and in the order of their importance they may be men- 
tioned as follows: 

1. Saving in fuel. 
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MAGNETIC FIELDS SURROUNDING COPPER STRIPS 


[KENNELLY. LAWS AND PIERCE] 
Fic. 11—Strip CARRYING 107 AMPERES AT 838 ~ A-C. 


[KENNELLY. LAWS AND PIERCE] 
Fic. 12—OvuTGOING AND RETURN STRIPS CARRYING 120 AMPERES АТ 
858 ынд А-С. 


[KENNELLY. LAWS AND PIERCE] 
Fic. 13—Ov TGoING AND RETURN STRIPS ADJACENT CARRYING 120 Ame 
PERES AT SOS ~ A-C. 
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2. Saving in motive-power maintenance and repairs. 
3. Saving in train-miles. 

Assets created by electrification, which may at times be con- 
trolling factors, as, for example, the reclamation of city terminal 
property, after the removal of gas and smoke by the elimination 
of steam locomotives, are of most important consideration. In 
cases, however, that do not involve large city terminal electrifi- 
cation, the general credits and debits resulting from electrification 
work may be said to about offset each other, and thus the value 
of the returns can be based upon the three items first mentioned. 
If we know the number of freight and passenger train-miles in a 
division proposed for electrification, and the cost of each one of 
the train-miles, today we can say with very little chance of error 
what the cost of each one of those train-miles in freight and pas- 
senger service will be when that division is operated by elec- 
tricity. If we were to duplicate the steam train movement by 
an electric train movement a certain economy would be shown, 
but by reason of the ability to concentrate in single train move- 
ments greater tractive efforts and higher speeds, greater indi- 
vidual tonnages can be translated, and thus the third item of 
economy appears in the reduction of train-miles. 

As bearing on the matter of a reduction in train-miles through 
means of electrification, the three charts (Figs. 7, 8 and 9) 
applying to studies recently made on the Salt Lake Division 
of the Denver and Rio Grande Railroad are interesting. In 
these charts it is of importance to note the great reduction in 
train movement secured bv electrical operation, in combination 
with the reduction of a section of high grade from 4 per cent to 
2 per cent for increases of 20 per cent and 100 per cent in excess 
of the former tonnage. The example offered is merely illus- 
trative of this application of economy under conditions of elec- 
trification. 

Experience with the movement of billions of ton-miles in 
freight, passenger, and switching service by electricity has justi- 
fied the early predictions that were made in connection with the 
studv of the New Haven electrification; namelv, that one pound 
of coal burned under the boilers of a central electric power sta- 
tion and converted into electrical energy and transmitted to an 
electric engine will develop twice the drawbar pull at the same 
speed as a similar pound of coal burned in the firebox of a steam 
locomotive; and, second, that the maintenance and repairs on 


electric locomotives of the straizht alternating-current type are 
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on the order of one-half of those required for steam locomotives 
of equal weight on drivers. It is thus seen that the problem 
of electrification merely revolves around the question of the 
destiny of traffic in which the economies aforesaid can be prac- 
tised, and, therefore, the denser the traffic the greater the req- 
uisite motive power for its movement, and hence the greater 
the saving to be effected. If the schedule of train movement 
for all roads were the same, then, based upon the number of 
tons translated, it would be a simple matter to plot a chart 
which would show two intersecting curves, one of which rep- 
resented the savings per annum to be effected by the substitu- 
tion of electricity for steam, the other the summated cost per 
annum of interest, depreciation, maintenance, insurance and 
taxes on the electrical plant, inclusive of power-house, lines, 
locomotives, and shops, necessary to effect these savings, these 
curves having as common abscissa tons under translation and 
as ordinates the annual costs respectively represented in the 
foregoing classes of annual expenditures. The point of inter- 
section of these curves would indicate the density of traffic at 
which the economic yield of electrification would cover the 
fixed charges incident to its installation. The curves would 
also indicate the yield to the railroad that electrification would 
bring above that of steam operation for traffic densities of greater 
amount. The analysis, however, is not as simple as this, for, 
while a number of roads might translate equal tonnages over 
equal distances, the local conditions might require a wide varia- 
tion as to schedule; also such physical adjuncts as grade and cost 
of electric power supply, labor and material clearly make it neces- 
sary to give careful consideration to each individual case. The 
point which I wish to make, however, is that, with knowledge 
based on experience, operating officials of railroad companies can 
have an intelligent presentation made to them of the comparative 
cost relation between steam and electric operation for these sev- 
eral roads. An intimate acquaintance with the ways and meth- 
ods of the steam railroads of today has taught us how the 
president, the vice-president, the general manager, the general 
superintendent, the mechanical superintendent, the division 
superintendent, the master mechanics, the road foremen of 
engines, the shop superintendent, and so on down the line to the 
engineers whose hands are on the levers of either the steam or 
electric engines, look at operation. Seven years of parallel 
steam and electric operation on the same division have opened 
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. up а world of perspective to the writer, as he has studied the 
controlling forces which whirl through the beginnings of this 
conversion from steam to electricity in the trunk line territory 
of our American railways. 

I would count it a serious omission indeed did I not mention 
the great and able assistance the present general manager of the 
New Haven Road, Mr. C. L. Bardo, has given in his study of the 
operating side of this great electrical problem. It is of him that 
I think when I touch upon one of the essentially real conditions 
affecting the success of main line electrification, and that is in the 
matter of administration. Electricity as an agent of power de- 
velopment is as essentially different from steam as the effects 
which are produced іп the application of heat or cold. Тһе steam 
locomotive has lived a useful life of eighty years. This is nota 
prediction that it will not live many more! Even in the clothes 
of its mechanical ruggedness it is not difficult to conceive of its 
having once been a pretty delicate machine, deserving of a very 
great deal of care and attention. The electric locomotive was 
born of even a more delicate nature, and, while its ruggedness 
is increasing, it can never possibly be the great mechanical brute 
that our high-powered steam locomotives may be typified as 
being today. In the same breath, however, it may be said 
that the steam locomotive can never reach into the zones of 
usefulness to which the electric engine can at the present day 
enter. | 

It is perfectly possible to keep the maintenance and repairs 
of the electric locomotive down to one-half of those of steam 
under the most favorable conditions of steam maintenance, and 
in many cases below this figure. On the other hand, due to the 
peculiar nature of the electric engine, which has not as yet been 
enough appreciated, it will be only by the most rigorous and 
careful inspection and conformity to rules of operation that this 
‚ relation can be maintained. Indeed, if electric engines be 
treated as has been the custom of treating steam locomotives, 
then their repairs, instead of costing far less, will cost far more 
than those of the steam engine. The essential difference be- 
tween the steam and the electric engine is that the former, after 
it has done all the work it is capable of doing, will lie down, 
simply stop going, and do this at no cost to its mechanical parts, 
while an electric engine, like an overwilling horse, if permitted, 
will work itself to destruction. The commercial life and effi- 
ciency of a steam engine may be said to depend cn keeping the 
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heat within its cylinder walls, while the commercial life and 
efficiency of the electric locomotive are based on how cool you 
can keep its conductors. In the vernacular of the American 
youth, some difference! Yet, if you should ask the old steam 
superintendent operating the new electric division if he agreed 
to that distinction, the chances are he would say: “ Sure, the 
conductors should never get hot, especially with a passenger.” 
Mr. Bardo has recognized this great difference between steam 
and electric operation, and in handling the schedule of electric 
trains he has emphasized the importance of keeping the train 
loads down to a point within the safe temperatures of the elec- 
tric motors performing the schedule. The davs are passing 
when with pride the steam operating man points to the electric 
locomotive as having been able to perform twice the duty for 
which it was designed, and the next day wonders why the 
darned old “ electric ” blew up on half the load. The point to be 
established, therefore, is that successful electrification requires 


' that there be in the administrative forces minds trained to the 


necessity of a different viewpoint from that which has come down 
through these eighty years of steam service. The magnificent 
organization that has shaped itself throughout these many years 
and has standardized itself, one might say, in its application to 
all roads, need not in any way have its fabric torn or changed 
by the introduction of electricity as a motive power, but there 
must be established in the administrative forces different minds 
from those in the past to handle these different things of the 
future. The future must see well-developed electrical cells in 
minds of the vice-presidents, general managers, general superin- 
tendents, etc., down the line. 

An inheritance by the New Haven of the old steam locomotive 
engincers for the operation of the electric engines is another 
case where the tail of the dog wags the body. While it is a good 
argument that these men understand the roadbed and signals 
better than any one else, this argument fails when engineers with- 
out electrical experience or training can bid in the electric runs, 
depending upon their seniority and record of service. The con- 
dition might be alleviated by one set of men, once in remaining 
in, but there is a constant change, and it is a long time before 
the steam locomotive engineer divorces himself from the fact 
that he is not operating a steam locomotive. During his period 
of learning how to operate the electric engine he does not suffer, 
the people do not suffer, but the road suffers, and the locomotive 
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suffers most. Here, therefore, we see the necessity of electrically 
trained men. The very logic of this stand will ultimately re- 
quire that these things be so, and one of the successes of which 
we write in this paper is based upon it being made so. 

While all of the main line tracks of the New York division 
are electrified, there still remains in passenger and freight service, 
as previously shown, a considerable amount of steam operation, 
made necessary because the New Haven Road had to avoid 
capital expenditure for power house and motive power equip- 
ment. It can be readily understood that a large reduction in 
operating expense can be effected when the division is placed 
upon a 100 per cent electrical basis. On previous occasions when 
the writer has been dealing with statistics and information made 
available by his engineering and operating association with the 
work, he was conscious then, and is now, of the danger, 1n present- 
ing construction and operating costs, of their possible misinter- 
pretation. 

Essentially necessary is a wholesome confidence on the part 
of railroads undertaking electrification that the result predicted 
will be attained, and what we are doing on the New Haven 
today electrically from an operating standpoint could not be 
better epitomized than by the presentation of one of the last 
monthly operating reports. The tables that follow comprise 
the statistics of electrical operation, and give operating informa- 
tion with reference to: 

1. The amount, distribution and cost of electric power gener- 
ated at Cos Cob Station. 

2. Statistics and operating costs of electric passenger service. 

3. Statistics and operating costs of electric freight service. 

4. Statistics covering line and equipment failures. 

These records are included in this paper not as an exhibit of 
something remarkable, but simply to convey to those interested 
in the electrification of railways the fact that there is daily coming 
to us a mass of data having reference to the practise of heavy 
electric transportation, through the agency of which very ac- 
curate conclusions may be drawn. 

I would ask those who review these statistics with an analyti- 
cal eve to bear in mind that they are taken from an electrical plant 
which, from its inception, has been handicapped both from a 
construction and operating point of view. As before explained, 
the underlying principle applying to the New Haven electrifica- 
tion required that its motive power equipment be designed to 
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operate on both alternating-and direct-current power, and that, 
further, on account of inadequate shop facilities in the past it 
has been necessary, since securing new shop facilities, to make 
very heavy repairs throughout the entire electric motive power 
of the road. I have, therefore, to offer this word of caution in 
analyzing the statistics that are presented, for it is to be noted 
that the cost of locomotive repairs is high. For example, refer- 
ring specifically to the table of operating costs of electric pas- 
senger engines, (Table XVIII), it is to be noted that in the month 
of October the repairs are recorded as 8.56 cents per locomotive- 
mile, while for November these repairs have increased to 10.61 
cents per locomotive-mile. At the first blush this would indicate 
that the new shop facilities were increasing rather than diminish- 
ing maintenance costs. This, however, may be explained by : 
the fact that all of the passenger engines have been undergoing 
general repairs, and invoices for material were passed 1n greater 
amounts for November than for October. Many of the electric 
locomotives have not received a general overhauling since 1907, 
and during this time thcir log sheets of operation show some of 
the locomotives have made over 350,000 miles. 

Showing conclusively, however, what can be done with elec- 
trical equipment under the care of a better maintenance, I have 
taken the first ten engines that have received general repairs and 
present herewith in Tables I to X, inclusive, segregated monthly 
costs and mileages made since these engines have passed through 
the shops. 

Notwithstanding these engines are of the alternating-current- 
direct-current type, it 1s of interest to note that their records so 
far show an average cost under five cents per locomotive-mile. 
It 1s of particular interest to note that locomotive No. 032, which 
received its overhaul first, has now operated 93,140 miles at an 
average cost of 3.6 cents per locomotive-mile. 

These maintenance figures for the ten engines give a sharp 
contrast to those in the general table of passenger engine operating 
costs (Table XVIII) and emphasize the lack of maintenance to 
which the electric locomotives were subjected in the early days 
of their operation. Had conditions permitted our electric pas- 
senger engines to be of the straight-alternating-current design, 
in my opinion their average maintenance would not have ex- 
ceeded 4 cents per locomotive-mile. 

During the past six years of electric operation there have 
been collected some very valuable;data with regard to the amount 
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of power required to operate trains of variable tonnage in pas- 
senger, freight, and switching service. Based upon these data, 
the power required to operate trains under normal or peak con- 
ditions of schedule can be calculated with results practically 
coinciding with the estimates. 

By means of wattmeters installed on all locomotives and 
motor cars it has been possible to record the differences of power 
required by trains operating under local and express conditions. 
The long period over which these statistics were kept and power 
rate constants thus developed has permitted us to abandon an 
elaborate tabulation and conslidate the information in the more 
general statement (Tables XVIII and XIX). Of value to those 
who are interested to follow more closely these results, Tables 
XI, XII, and XIII will be of assistance. These tables are 
compiled from the June, 1914, statistics of electric passenger 
and freight train operation between Woodlawn and points east 
to New Haven. At that time the overhead system had only 
recently been completed to New Haven, and there was but a 
a small percentage of electric service, both as regards passenger 
and freight, between Woodlawn and New Haven, and, while the 
tonnage in both passenger and freight service has been greatly 
increased since that time, these tables, however, may be taken 
as giving reliable data in connection with the electric train move- 
ments recorded. The watt-hours per ton-mile are secured 
through meters recording input power to the electric motors. 
To determine the actual amount of power taken from the 
contact wire, these figures should be divided by 97 per cent, 
thus allowing an average loss of 3 per cent for the step-down 
transformers installed on the electric engines and motive power. 
As examples of the increments of electric service, since the exten- 
sion of the electrification to New Haven, while it is to be noted 
that the total electric passenger ton-miles for June, 1914, were 
approximately 41,000,000 and that of the freight 9,400,000, the 
former has now increased to 62,000,00.) and the latter to 
44,000,000. 

Of especial interest to the writer with regard to the tables 
covering electric passenger operation is the variation in watt- 
hours per ton-mile for the various express and local services. 
For example, it is to be noted that the power rate for New Haven 
express trains eastbound is 31.4 watt-hours per ton-mile, this 
rate being increased slightly for trains operating to Stamford; 
the rate rises quite rapidly for trains operating in local service to 
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Stamford, and continues to rise for local trains operating to Port 
Chester and New Rochelle respectively. It is, of course, well 
known that the rate of power supply per ton for express operation 
is very much lower than that required for local operation, asin the 
case of the latter the train suffers, under the conditions of brak- 
ing, the loss of the kinetic energy stored in it under the conditions 
of acceleration. The increasing watt-hours per ton-mile as shown 
in the tables are practically proportional to the diminishing dis- 
tance between train stops. It may also be said that the distance 
between stops increases progressively east of New York City, and 
if, for example, suburban territory under consideration for elec- 
trification has to be served by train schedule with distances be- 
tween stations approximately the same as those obtaining on the 
New Haven Road, the “ power rate " constants as shown in these 
tables will be found to be sufficiently accurate in the study of 
power necessary to train movement. 

In the tabulated statistics covering electric freight operation 
the point of principal interest is the difference between the rate 
per ton-mile as indicated in the June tabulation (Table XIII) 
as against those shown under the general tabulation of freight 
service (Table XIX), where it is to be noted that the kilowatt- 
hours for fast and slow freight are, on the average, considerably 
below 30 watt-hours per ton-mile, this rate being based upon the 
tonnage of the trailing load. Allowing for the weight of the 
electric engine, the watt-hours per ton-mile will be reduced to 
26, and, as some 200,000,000 ton-miles have been actually re- 
corded by meter registration in freight service, it may be said 
that 30 watt-hours per ton-mile on level track 1s a reliable figure, 
with slight margin to cover electric freight operation in a com- 
bination of fast and slow service, 7.6., without stops for trains 
averaging between 1500 and 3000 tons trailing load. 

It is of interest at this juncture to point to an interesting 
experience we have had in connection with the electrical opera- 
tion of heavy freight trains. It was first thought that when 
these large train units were placed on the line the power-house 
would be subjected to very heavy drafts of power under condi- 
tions of accelerating them. The reverse, however, was found to 
be the case, and where, previous to the operation of these trains, 
the power station output curve showed peaks of a fluctuating 
character, these heavy trains have served to smooth out the curve 
of power station output. A reasonable explanation of this would 
seem to rest in the fact that when a number of the heavy trains 
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. are under translation, and it becomes necessary to accelerate one 
from rest, the supplv of current necessary to this acceleration, 
while not reducing the line voltage materially, does so, however, to 
a point which corresponds to a speed of the trains in translation 
lower than the speed at which they are actually operating, and 
thus these heavy trains, by their own mass energy, as in the case 
of a flywheel, automatically release a large amount of power, 
which becomes available for the accelerating train. 

In the foregoing pages I have confined mvself to the presen- 
tation of operating data, from which I believe verv accurate con- 
clusions can be drawn, having regard to the costs incident to 
electric operation, the only expenses that are materially changed 
in the conduct of railwav transportation being, as previously 
stated, in the matter of fuel, engine repairs, and train-miles. 
With definite information developed as to these items, it is not 
a difficult matter for those experienced in their application to 
interpolate them into the steam operating accounts in the study 
of railroads considering electrification. I have thought, there- 
fore, that the broader manner of handling this subject would be 
not to show concrete cases where the conditions were such as to 
insure the success of electrification, but rather present the cort- 
stants of economy that were generally applicable, at least very 
approximatcly so, to all railway situations, granting of course, 
that each individual study would have its qualifying factors which 
local conditions would control; as, for example, it is quite pos- 
sible for a complete electrification to turn upon the cost of coal. 
The greater the cost of coal the stronger is the argument for elec- 
trification, from the fuel aspect. For example, if two railroads, 
one burning $2.50 coal and the other burning $5 coal, should 
electrify, and in each case reduce their coal consumption by 
100,000 tons per vear, they would respectively save $250,000 
and $500,000 per annum. In the case of the railroad burning 
the $2.50 coal this saving would, at 5 per cent, represent capi- 
talized values amounting to $5,000,000, while in the case of the 
railroad burning the $5 coal the capitalized values would be 
$10,000,000. Іп both cases the capitalized values should be cred- 
ited against the construction account for electrification. 

Savings to be effected in engine repairs are likewise subject to 
local conditions, for, while it may be said that steam locomotives 
repairs, upon an average, may be placed at 10 cents per loco- 
motive-mile, on the other hand there may be situations where the 
railroad has, for example, to use water of severe scaling charac- 
teristics and thus run up the cost of repairs excessively. 


Ld 
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In the matter of train-miles the savings to be effected are 
dependent upon local conditions, but it can be stated as a general 
conclusion, based on a very considerable experience, that: 

1. Electric engines on the order of 100 tons on drivers should 
be maintained at a rate not exceeding 5 cents per locomotive- 
mile. 

2. The coal bill for transportation is cut to at least one-half. 

Having determined for any situation what savings can be 
effected by the substitution of electricity for steam, then, as pre- 
viously stated, the commercial justification of a change to the 
new motive power is entirely based upon whether these savings 
will cover the interest, insurance, depreciation, and taxes on the 
electrical investment necessary. 

In past papers I have refrained from presenting construction 
costs to show what investment is necessary to operate trunk line 
territory by electricity, and I believe that this policy will be 
accepted as having been justified when I state that an analysis of 
the distribution account of our latest line construction (between 
Stamford and New Haven) shows its unit costs (four-track) to 
пауе been one-half those incurred іп the original work, and, 
while further economics will, of course, follow, I feel that the 
curve of decreasing electrical investment for electrification has 
flattened at least enough to present Table XIV, XV and XVI, 
indicating the costs incident to six-track, four-track, two- 
track, compound and single catenary, for curves and tangent con- 
struction, as a guide to what can be done. To those considering 
these figures I would offer a word of suggestion that the overhead 
system of the New Haven Road was designed to coordinate with 
a road bed which is the throat of the entire eastern New England 
traffic. Very high safety factors have been included іп it, both 
as regards wire and stecl, and it has been many times, particularly 
during the last season, subjected to high wind velocities, the 
effects of which have been augmented to ice formation, increasing 
its projected arca. 

A general factor of safety of three is prevalent throughout 
the whole construction, whether on the 200-ft. river transmission 
towers with 800-ft. spans or on the regular catenary construc- 
tion, in cach instance based on ice coatings of š inch all around 
with wind velocitv of 60 miles an hour. I might add, also, that 
we have been fortunate enough not to have lost a wire due to the 
above causes throughout the history of the electrification. 

Briefly referring to the tables of construction costs, it is to be 
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noted that the supporting steel bridges have a normal spacing 
of 300-ft., the trusses of which are designed to withstand the 
breakage of any of the main supporting messenger wires, and 
permit also the support at any point of four signals of 2000 Ib. 
in weight each. 

As local conditions make different requirements for sectional- 
ization, construction costs are given for continuous catenary con- 
struction for tangent and curved track, and, to facilitate the 
introduction of sectionalizing costs, individual figures for anchor 
bridge and control sectionalization are given under tables show- 
ing costs varying for the different number of tracks under consid- 
eration. 

Electrification, like everything else, under effects of standard- 
ization gets down to a pound or foot basis; the costs tabulated for 
the different types of construction sectionalization and control 
may be combined to determine total estimates on work conform- 
ing to the requirements of the local conditions. 

With regard to electric motive power equipment, papers that 
have preceded this one have discussed in detail physical dimension, 
weight, and operating characteristics of electric passenger, freight 
and switching engines and multiple-unit motor cars. The motive 
power feature of electrification, like its other parts, has virtually 


reached the pound stage. Electric locomotives of approximately : 


100 tons will under present conditions of cost of labor and 
material, vary between 18 cents and 20 cents per pound. This 
figure is practically irrespective of speed-torque characteristics, a 
high-speed passenger locomotive and a low-speed switcher not 
varying greatly in cost upon a pound basis. Multiple-unit cars, 
now usually built of steel, do not vary greatly from the above 
figures, but, if anything, may be quoted as being slightly higher 
in cost per pound. 

The determining characteristics of the locomotives to be 
purchased in an electrification will, of course, entirely depend 
upon the local conditions which control the maximum and con- 
tinuous tractive efforts in passenger and freight service, they 
in turn depending upon the weight of trains and length of grades, 
capacity of equipment depending likewise on the two foregoing 
factors and schedule requirements. 

The above approximate quotations on engine costs are pre- 
_ sented merely to give a general idea of this department of expense 
in connection with electrification. As a concrete example in 
application of the above general statements, I would say that a 
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first-class, high speed, 100-ton, straight alternating-current elec- 
tric passenger locomotive, capable of handling a 250-ton trailing 
load in normal large city suburban service, should cost $40,000. 
A steam locomotive which would do the same work would prob- 
ably not cost more than $15,000, but the savings effected, due to 
the greater operating economy of the electric engine, would repre- 
sent a figure of twice or three times the amount invested in the 
electric engine. Thus we might say that for every electric engine 
we purchase we would be justified at least in making a capital 
investment of $40,000 to cover the cost of electric power-houses 
and transmission equipment necessary to supply that electric 
engine with current. By this reasoning we again approach the 
answer as to the conditions affecting the success of main line 
electrification in the fact that it 1$ the density of traffic and in the 
use of a large number of electric engines by which we can save 
enough money to pay for the capital expenditure necessary to the 
supply of power to them for the operation of many trains. 

Of late many interesting and valuable papers on electrifica- 
tion have been written, wherein the authors have presented 
comparable data as between steam and electric operation on 
specific territory under contemplation. 

As mentioned in the earlier pages of the paper, there are many 
places where electrification would bring a betterment both to the 
public and to the railroad, but the writer has thought the subject 
would be better served by a general exposition of his operating 
and construction experience in connection with a heavy trunk line 
electrification that has been serving the public for the past eight 
years, and to draw from it the significant facts and factors from 
which basic conclusions can be drawn to apply elsewhere. 

In concluding the paper I would plead for an especially con- 
servative point of view on the part of the public with regard to 
electrification. While the savings to be effected under certain 
conditions of electrification may be considerable, on the other 
hand the construction investment necessary to these savings may 
be very great. So many roads in this country have either passed 
or lowered their dividends, the chief example being a part of 
the great Pennsylvania system, that it is hardly necessary to 
emphasize the fact that only a healthy condition of finance 
throughout the country will warrant the consideration of elec- 
trification, and again I would say that partial electrification, such 
as that applying to yards only and not main line, while it might 
prove of advantage to a public, might at the same time prove to be 
a serious and unfair burden for the railroad to carry. 
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The Public Service Commissions are as much the guardians 
of the railroads as the people they serve, and the many billions in 
dollars representing the shrinkage in value of railroad securities 
in the last few years have awakened in the hearts and minds of 
the public and the commissioners the fact that no further obli- 
gations can be imposed upon the railroads, except they be 
justified from a fair railroad business standpoint, such equity of 
treatment describing the duty of the commissioners in whose 
hands rests the justice of any demand. The electrification of 
great railroad terminals in particular presents conditions in which 
the maximum cost is combined with the minimum direct return 
upon the invested capital, and without some reasonable assur- 
ance of adequate return it will be more difficult to secure the 
necessary capital for such improvements. 
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TABLE I 


PERFORMANCE OF N. Y., N. H. AND H. R. R. ELECTRIC PASSENGER 
LOCOMOTIVE 032. 


1913 


———— | | | || 


32.90 83.01 61.59 23.67 20.18 89.17 
20.68 38.61 67.96 21.64 34.56 | 104.86 
53.58 | 121.62 | 129.55 45.31 54.74 | 194.03 
4,802 5,517 4,695 4,716 4,687 4,592 
0.011 0.022 0.028 0.010 0.012 0.042 
0.011 0.017 0.020 0.018 0.017 0.021 
4,802 | 10,319 | 15,014 | 19,730 | 24,418 | 29,005 


1914 


4,392 6,017 5,310 5,270 5,889 5,839 
0.068 0.019 0.012 |. 0.019 0.027 0.028 
0.027 0.026 0.024 0.024 0.024 0.024 
33,397 | 39,414 | 44,724 | 49,995 | 55,884 | 61,723 


1914 


212.36 74.45 | 147.53 | 219.47 55.25 


Materials ере aaa xh REOR Cas 131.49 156.72 173.96 | 780.92 146.09* 

Total labor and material...... 343.85 | 231.17 | 321.49 |1000.39 90.84* 

Mileage..................... 6.165 7,401 5,459 5,678 6,714 

Cost per mile................ 0.056 0.031 0.058 0.176 0 

Average cost per mile........ 0.027 0.027 0.030 0.039 0.036 

Total miles to date........... 67,888 | 75,289 | 80,748 | 86,426 | 93,140 
Note.—Cost in dollars. * Cr; 
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TABLE II 


PERFORMANCE OF N. Y.N. H. AND H. R. R. ELECTRIC PASSENGER 
LOCOMOTIVE 041. 


1914 
June July Aug. Sept Oct Nov 
LANG a. редак ax eee 17.15 72.04 169.91 113.51 105.56 195.78 
MANCHA uy ag re dus 8.92 78.24 | 362.15 | 258.68 32.29* | 473.13 
Total labor and material......| 26.07 150.28 | 532.06 | 402.19 73.27 | 668.91 
Mileage...... ds Pa NG eder aa 2,912 7.974 . 8.031 5,990 6,096 5,965 
Cost per mile................ 0.009 0.018 0.066 0.067 0.012 0.112 
Average cost per mile........ 0.009 0.016 0.037 0.044 0.038 0.050 


Total miles to date...........| 2,912 10,886 18.917 | 24.907 | 31,003 | 36.968 


NoTE.— Cost in dollars. * Cr. 
TABLE III 


PERFORMANCE OF N. Y., N. H. AND H. R. R. ELECTRIC PASSENGER 
LOCOMOTIVE 037. 


1914 


April | May | June | July | Aug. | Sept. | Oct. | Nov. 


— |————— | — n. |----|----------- |-------|- ------|---------- 


БАТЫСТЫ» pha s Sat Eee 35.931 61.68) 72.78] 93.79] 119.651 107.201 75.63 | 115.50 
оао 4.691 35.94 159.83] 103.731 212.37 | 184.26|209.81*|. 47.34 
Totallabor and material....| 40.62! 97.621232.61| 196.52] 342.52] 291.461134.18*| 162.84 
Milecage................... 538 4,020) 5.641| 7.643] 8.341| 7,203| 7,217 6,367 
Costpermtle............... 0.075) 0.024| 0.041; 0.026] 0.0401 0.040 о | 0.026 
Average cost per mile....... 0.075| 0.030| 0.036| 0.032| 0.034| 0.036! 0.026 | 0.026 
Total miles to date......... 538) 4,958] 10,199] 17,842} 26,183) 33 ,386/40,603 | 46,970 

Nork.—Costin dollars. * Cr. и Е 

TABLE IV 
PERFORMANCE ОЕ N. Y., N. H. AND H. В. R. ELECTRIC PASSENGER 


LOCOMOTIVE 028. 


1914 
June July Aug. Sept Oct Nov 
Labor un tae eho Si osa ИН 2.04 63.12 135.80 | 119.00 | 259.41 78.35 
Е о ааа d OR 17.25 25.15 | 211.95 | 221.73 | 159.11 39.25 
Total labor and material...... 19.29 88.27 | 347.75 | 340.73 | 418.52 | 117.60 
Mileage: раа tuos Mott 2,103 3,902 6.788 5.398 6.526 8.256 
Cost per mile................ 0.009 0.023 0.051 0.063 0.064 0.014 
Average cost per mile........ 0.009 0.018 0.036 0.044 0.049 0.040 
Total miles to date........... 2,103 6,006 | 12,794 18.192 | 24,718 | 32,974 


NOTE.—Cost in dollars. 


1902 


TABLE V 
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PERFORMANCE ОЕ N. Y., N. H. AND H. R. R. ELECTRIC PASSENGER 
LOCOMOTIVE 020. 


June July 
Labor: oe dso Dv. iex CU 50.54 148.29 
Materiale eran [ro RA EE edd 29.84 30.19 
Total labor and material...... 80.38 178.48 
Mileage..................... 5,391 7.997 
Cost per mile................ 0.015 0.022 
Average cost per mile........ 0.015 0.019 
Total miles to date........... 5,391 13,388 

NoTE.—Cost in dollars. * Cr 
TABLE VI 


1914 

Aug Sept 
129.71 120.20 

64.29% | 195.31 

65.42 | 315.51 

8,175 |. 7,227 

0.008 0.043 

0.015 0.022 
21,563 | 28,790 


127.45 
55.41 
182.86 
6.664 
0.027 
0.023 
35,454 


———— | ————M | — n  |—ə> > p n | — s P . SJ |)——— n R—>— 1|—W 


0.027 
41,802 


PERFORMANCE OF N. Y.. N. H. AND H. R. R. ELECTRIC PASSENGER 
© LOCOMOTIVE 016. 


1913 1914 

Dec Jan Feb. | March | April | May 
Va DOP is viens. be a ean wee ow 23.52 71.03 108.88 78.80 | 132.74 106.13 
Alaáterial Сы тыз ала? 52.16 46.61 55.88 29.91 77.26 51.72 
Total labor and material......| 75.68 117.64 164.76 108.71 210.00 | 157.85 
Mileage. us sasana aba ee 3,260 | 4.820.5 5.300 | 5,139.5 4,868 4,222 
Cost per mile................ 0.023 0.024 0.031 0.021 0.043 0.037 
Average cost per mile........ 0.023 0.024 0.027 0.025 0.029 0.030 
Total miles to date........... 3,260 | 8,080.5 113,380.65 | 18,520 | 23,358 | 27,610 | 

1914 

June July Aug Sept Oct. Nov 
lod DOP. ose ое 155.66 93.52 112.85 129.38 108.75 221.59 
Material ................... 179.80 91.61 152.97 21.28 64.64 13.86% 
Total labor and matenal...... 335.46 185.13 | 265.82 150.66 | 173.39 | 207.73 
о йл Rh o 4,347.5 8,282 8,3586 5,044 8,096 5,236 
Cost рег пийе................ 0.077 0.022 0.032 0.027 0.021 0.040 
Average cost per mile........ 0.037 0.033 0.033 0.033 0.031 0.032 
Total miles to date........... 31,957.5 |40,239.5 |48,625.5 |54,269.5 |62,365.5 |67,601.5 


—  ————M——— — = 


NoTE.— Cost in dollars. 


* Cr. 
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TABLE VII | 


PERFORMANCE ОЕ N. Y., N. H. AND H. R. R. ELECTRIC PASSENGER 
LOCOMOTIVE 01. 


1914 


el 


0 96.38 | 156.60 | 175.30 | 133.64 81.76 

Material.................... О | 285.76 | 351.57 | 312.04 84.85 15.03% 

Total labor and material...... 0 | 382.14 | 508.17 | 487.34 | 218.49 66.73 
1 


Mileage..................... 57 7.183 7,396 6,006 5,812 6,842 
Cost per mile................ 0 0.053 0.069 0.081 | 0.038 0.010 
Average cost per mile........ 0 0.049 0.059 0.065 0.059 0.049 
Total miles to date........... 571 7,754 15,150 | 21,156 | 26,968 | 33,810 
Note.—Cost in dollars. * Cr. 
TABLE VIII 


PERFORMANCE OF N. У., N. H. AND H. R. R. ELECTRIC PASSENGER 
LOCOMOTIVE 019. 


1914 
July August Sept Oct Nov 
Labor. cave ot ар Ges ae 22.07 121.75 84.22 145.20 110.45 
Material.................. 4.18 406.70 207.84 129.73 317.68 
Total labor and material. ... 26.25 528.45 292.06 274.93 428.13 
Mileage. ста 2,386 7,894 7,766 6,938 5,056 
Cost per mile.............. 0.009 0.067 0.039 0.040 0.084 
Average cost per mile....... 0.009 0.051 0.046 0.044 0.051 
Total miles to date......... 2,886 10,780 18,546 25,484 30,540 


Nore.—Cost in dollars. 


TABLE IX 


PERFORMANCE OF N. Y., N. H. AND H. В. R. ELECTRIC PASSENGER 
LOCOMOTIVE 025. 


Дидди | | | — n 


работ сна тео ыда 29.82, 109.64) 43.55) 117.45] 113.10| 235.34| 88.80 


Material... ................ 83.60 71.29) 30.86 309.76| 148.05, 322.91| 129.96 
Total labor and material....| 113.4<| 180.93) 74.41) 427.21] 261.15} 558.25] 218.76 
Mileage................... 2,268 5,432] 7,937] 8,566] 5,497] 6,783] 6,578 
Cost рег mile.............. 0.05 0.033} 0.009 0.050] 0.047, 0.082] 0.033 
Average cost per mile....... 0.05 0.038} 0.024] 0.032} 0.036 0.044) 0.043 
Total miles to date......... 2,268 7,705] 15,637, 24,203} 29,700| 36,483! 43,061 


Notse.—Cost in dollars. 


1904 


TABLE X 
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PERFORMANCE OF N. Y.. N. H. AND H. R. R. ELECTRIC PASSENGER 
LOCOMOTIVE 011. 


Mileage................ 


Cost permile............ 


Average cost per mile........ 


Total milesto date....... 


NorTe.—Cost in dollars. 


0.043 
39,658 


1914 
May June July Aug. Sept Oct 
ats 34.55| 43.59} 145.87] 114.21] 211.081 74.86 
ud 61.61 18.691 85.08] 230.08| 316.83| 128.33 
"a 96.16] 62.28| 230.95| 344.29| 527.91| 203.19 
т” 1,017, 5,671 6,243] 6,837 6,078| 8,122 
Dus 0.094; 0O.011| 0.037] 0.050] 0.087 0.025 
0.094; 0.023) 0.030] 0.037} 0.049] 0.043 
ccm 1,017| 6,688} 12,931! 19,768| 25,846) 33,968 
TABLE XI. 


STATISTICS COVERING ELECTRIC PASSENGER MOVEMENT AND " POWER 
RATE" CONSTANTS FOR DIFFERENT SERVICES—EASTBOUND. 


Number of trains........ 
Number of locomotives... 


Car-miles............... 
Ton-miles............... 
Kw-hr. used 
Watt-hr. per ton-mile..... 


New 
Haven 
express 
trains 


84 

497 
35,625 
3,120 
5.048 
29.304 
2,108,700 
66,076 
31.4 


Stamford | Stamford 


express local 
901 667 
1,407 859 
7,054 3,875 
566,033] 279,904 
18,921 14,003 
30,954 18,894 
148,134} 80,263 
11,886 ,253]5,832,923 
405,835) 343,846 
34.2 59.0 


Port 


Chester 


trains 


185 

214 
1,000 
67.884 
2,405 
2,889 
13,000 
882,492 
58,933 
66.7 


New 
Rochelle} Total 
trains 

2 1,807 
2 2,566 
10 12,436 
619 950,065 
8 38,457 
8 57,793 
40 270,741 
2,456 120,712,824 
222 874,912 
90.2 42.2 


Stamford local trains include one train, New Rochelle to Stamford. 
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TABLE XII. 


STATISTICS COVERING ELECTRIC PASSENGER MOVEMENT AND “ POWER 
RATE" CONSTANTS FOR DIFFERENT SERVICES—WESTBOUND. 


New 
Haven |Stamford | Stam- Port New 
express express ford Chester |Rochelle Total 
trains local trains trains 
Number of trains. ....... 49 958 604 185 0 1.796 
Number of locomotives... 78 1,502 791 185] ...... 2,556 
Number of cars.......... 434 6,994 3,941 9721 ...... 12,341 
Tonnage................ 31,963 574,509| 261,202) 62,559 | ...... 930,293 
Train-miles............. 2,940 20,118 12,684, 2,405 | ...... 38,147 
Locomotive-miles........ 4,620.5 33,044] 17,402) 2,497.5 | ...... 57,504 
Car-miles............... 24,855.5 146,870] 81,676) 12,591] ...... 265 ,992.5 
Ton-miles............... 1,899,957 |12,065,689|5,441,943| 811,539 | ...... 20,219,128 
Kw-hr. used............. 60,900 486,203| 346,935| 62,734 | ...... 956,772 
Watt-hr. per ton-mile..... 32.0 40.3 63.7 ос eh 47.4 


TABLE XIII. 


STATISTICS COVERING ELECTRIC FREIGHT MOVEMENT AND " POWER 
КАТЕ” CONSTANTS FOR EASTBOUND AND WESTBOUND SERVICE. 


Eastbound Westbound Total 
Number of trains.............. 109 116 225 
Number of locomotives......... 109 117 226 
Number of cars............... 2,939 2,829 5,768 
Tonnage...................... 106,905 86,706 193,611 
Train-miles................... 5,273 5,564 10,837 
Locomotive-miles.............. 5,486 5,784 11,270 
Car-miles..................... 142,542 135,792 278,334 
Ton-miles.................... 5,184,893 4,161,888 9,346,781 
Kw-hr.used.................. 170,259 137,048 307,307 


Watt-hr. per ton-mile.......... 32.8 33.0 32.9 
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TABLE XIV. 
COST FOR CATENARY CONSTRUCTION 


Curve 
Curve Curve Curve 39.1'to 4°-0’ 
6-track compound Tangent |0°-1’to1°-0’/1°-1’ to 2?-0'|2?-1' to 3°-0'| 260 ft. span 
catenary 300-ft. span| 300-ft. span | 300-ft. span | 300-ft. span | with pull-off 
Steel; u ола аа $14,390 . $17,810 $19,600 $23,480 $27,500 
Concrete.............. 4,920 5,640 6,330 7,600 10,600 
Catenary material..... 16,650 16,650 16,650 16,650 17,910 
Catenary labor........ 2,800 2,900 2,900 2.900 3,220 
Total... .......... $38,760 $43,000 $45,480 $50,630 559,230 


Curve 39-1” 
Curve 09-1” |Сатуе 19-16! Сагуе 2°-16'| to 49-45” 


4-track compound Tangent to 19-15” to 29-15” to 39-17 | 260-ft. span 
catenary 300-ft. span | 300-ft. span | 300-ft. span | 260-ft. span | with pull- 
off pole 
Steel ооо ee $9,350 $11,530 $13,280 $15,800 $18,850 
Concrete............. 3,110 2,890 4,080 4,700 7,640 
Catenary material..... 11,050 11,050 11,050 11,360 12,060 
Catenary labor........ 1,980 2,080 2,080 2,050 2,390 
"Totals oos: $25,490 $27,550 $30,490 $33,940 $40,940 
Curve Curve Curve Curve [Over 4?-1' 
2-track compound| Tangent 09-1” 19-1” 29-31” 39-31” curve 
catenary 300-ft. to 19-0” | to 2?-30' | to 29-30” to 49-0” 200-ít. 
span 300-ft.span|300-ft.span|260-ft.span|200-ft.span| span with 
pull-off pole 
Steel............. $6,900 $7,220 $7,830 $9,030 11,400 $16,160 
Concrete......... 3,580 3,580 4,280 4,910 6,350 10,300 
Catenary material 5,580 5,580 5,580 5,680 5,870 6,520 
Catenary labor... 1,130 1,230 1,230 1,300 1,310 1,410 
Total........ $17,190 $17,610 | $18,920 $20,920 $24,960 $34,450 
Tangent and Curves above 
2-track curves up to Curve Curve 4°-30’ with 
Single catenary 29-30” 29-317 to 39-317139-31”7 to 4?-30'| pull-off pole 


300-ft. span 260-ft. span 200-ft. span 200-ft. span 


Steel. u ei aus VA а $6,680 $7,700 10,500 $14,900 
Concrete............. 3,000 3,300 4,600 4,300 
Catenary matenrial..... 3,530 3,600 37,60 | 9,000 
Catenary labor........ 510 510 525 650 


Тоай ссу» $13,720 $15,110 $19,385 $28,850 
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TABLE XV. 
COST FOR CATENARY CONSTRUCTION. 
Cost кок ONE MILE SINGLE TRACK OF А біх-Ткаск Roan COMPOUND CATENARY. 


Curve 
Curve Curve Curve 29-17 to 49-0” 
Tangent 0°-1’ to 12-0” 19-17 to 29-0” 29-1” to 39-0” 260-ft. span with 
300-ft. span 300-ft. span 300-ft. span 300-ft. span pull-off pole 
$6,460.00 $7,166.60 _ $7,580.00 $8,438.60 $9,870.00 


Cost oF ONE MILE SINGLE TRACK OF A Four TRACK ROAD COMPOUND CATENARY, 


Curve 
Tangent Curve Curve Curve 39-1” to 49-45” 
300-ft. span 09-17 to 19-15” | 19-16” to 29-157 | 29-16” to 39-0” 260-ft. span 
300-ft. span 300-ft. span 260-ft. span with pull-off 
$6,372.50 | $6,587.50 $7,622.50 $8,185.00 $10,235.00 


Cost oF ONE MILE SINGLE TRACK OF A Two-TRACK ROAD COMPOUND CATENARY. 


Tangent Curve Curve Curve 
300-ft. span | 09-1” to 19-0” 19-17 to 29-307 | 29-317 to4?-1" 
300-ft. span: 300-ft. span | 260-ft. apan 


Curve Curve 
39-317 to 49-1’ over 49-1” 
200-ft. span |200-span with 
pull-of pole 


$8,595 | $8,805 $9,460 $10,460 | $12,480 $17,225 


‚хә 


Cost FOR ONE MILE SINGLE TRACK ОЕ A Two TRACK Roan SINGLE САТЕМАВУ. 


Tangent and curves| Curve Curve Curves 
up to 22-30”, 29-317 to 39-30” 39-317 to 42-30” above 49-307 with 
300-ft. span 260-ft. span 200-ft span pull-off pole. 
$6,860 $7,555 $9,692 | 514,425 
| 


COST FOR AN ANCHOR—AND SECTIONALIZING— BRIDGE. 


Compound catenary 


Single 

catenary 

2 track 

6 track 4 track 2 track 

SGC: дама huy puyu ote eee 82,200 81,600 $900 $620 

Concrete...................... 2,000 1,270 960 700 

Floor on upper deck of bridge... 200 160 100 100 
Control apparatus and connec- 

LIONS v4 MEAE C Ses 8,000 6,300 4,500 4,500 

Sectionalizing................. 600 400 200 200 

Геба Ир зер $14,000 $9,730 $6,660 $6,120 
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TABLE XVI. 
COST FOR CATENARY CONSTRUCTION. 


One mile of Curve 
four-track Curve Curve Curve above 49-1” 
single catenary Tangent |ар to 29?-0'|2?-1' to 3?-0'|3?-1' to 49-07 200-ft. span 


300-ft. span | 300-ft. span | 260-ft. span | 200-ft. span |with pull-off 


ee | | U U U. —MÁ—— 


Steel................. $8,800.00 | $11,830.00 | $13,490.00 | $17,500.00 | $20,500.00 
Concrete.............. 2,930.00 3,940.00 4,200.00 5,640.00 8,640.00 
Catenary material..... 7,035.00 7,193.40 7,260.00 7,415.00 8,170.00 
Catenary labor........ 1,237.60 1,311.50 1,320.00 1,339.00 1,540.00 
Total 222 аа eR $20.002.60 | $24,274.90 | $26,270.00 | $31,894.00 | $38,850.00 
Curve 

One mile of : Curve Curve Curve above 49-1” 
single track Tangent |up to 2°-1°|2°-1° to 3°-0’/3°-1’ to 4°-0'| 200-ft. span 


of a 4-track road 300-ft. span | 300-ft. span| 260-ft. span| 200-ft. span|with pull-off 


——— | | ———————— | ————— | ——————————— |. ——— ——MÓ 


Single catenary........ $5,000.15 $6,068.74 $6,567.50 $7,973.50 $9,712.50 
Steel. а nA WERE $1,200.00 
Concrete........................ 960.00 

Anchor and sectionaliz- | Floor on upper deck of bridge... ... . 160.00 

ing bridge for four- | Control apparatus and connections 6,300.00 


track single catenary. | SŠScctionalizing.................... 400.00 


Total. уре pees a s $9,020.00 


THE NEW YORK, NEW 
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STATISTICS OF ELECTRICAL OPERATION—NEW YORK 


TABLE XVII. 


AND HARTFORD RAILROAD COMPANY. 
AND SHORE LINE 


DIVISIONS. FOR THE MONTH OF NOVEMBER, 1914, COMPARED WITH 
THE MONTH OF OCTOBER, 1914. 


Coal consumed (tons)......... 
Water consumed (gals)........ 
Cost of coal... ................ 


Cost of other supplies......... 
Maintenance of power plant and 
machinery............... 
Wages and salaries............ 
Total cost, maintenance and 
operation................ 
Fixed charges (intercst, taxes 
andinsurance)............ 


Total cost. 


Power Consumption (kw-hr.) 
Passenger service (elec. locos.).. 
Passenger service (М.О. Cars).. 
Freight service............... 
Switching service............. 
Non-Revenue service ......... 
Total used by electric locomo- 

tives and motorcars....... 
IITA РЕНИН 
Other company purposes... ..... 
Lineloss..................... 


Totalused forcompany purposes 
New York, Westchester & 
Boston.................. 


Total power used 


Maximum daily output........ 
Maximum swing ............. 
Maximum daily output........ 


Average daily output . ...... 
Power purchased from N. Y. C. 
Power purchased (kw-hr.).. +... 
Cost of power ................ 
Cost per kw-hr. (cents)... 


— —À— — m —— А aaae 


Total Power: 
Total power consumed (kw-hr).. 
Total cost of power (including 
fixed charges). 


Cost per kw-hr. (cents) (charges) 


а. 
м. 
се 
= 
@ 
”“ 
Є 
c 
3 
де, 
> 
3 
E 
d 


Cos Сов Power HOUSE. 


November 


Total 


12,439.44 
38,778,000 
34.04.07 
1,582.15 


317.20 


3.655.27 


6,056.62 


45,005.31 
16,106.89 
61,802.20 


2.894 465 
630.039 
1,208,306 
984,255 
10.340 


6,027 405 
107 465 
380.652 
043,230 


7.067,757 


676.144 
1,205.699 


8.949 600 


Per kw-hr. 


2.78 Ib. 
4.33 gal. 
0.381 cent 
0.017 
0.004 


0.041 
0.068 
0.511 
0.180 


0.691 


Tuesdav, November 24th 
343.300 kw-hr. 
30.000 kw. 


Friday, Nov. 6—7.00 Р.М, 


Tuesday. November 3rd 
249.500 kw-hr. 
301.902 kw-hr. 


1,244.02] 
$16,097.67 
1.204 


10.193,621 


$77 ЭОК 
0.764 


October 


Total 


12,280.84 
35,535,000* 
33,526.69 
5,015.55* 
655.85 


3434.87 
6,704.00 


49.336.96* 
16,106.39 


65.443.85* 


3.072.145 
409,367 
1,494,082 
345.613 
6,191 


3.920,39% 
117.445 
399,401 
617,504 


7,055,048 


636.058 
1,255,139 


8.046.245 


Friday, 


October 


Per kw-hr. 
2.75 lb. 
4.01 gal." 
0.375 cent. 
0.057* 
0.007 
0.038 
0.075 
0.552* 
0.180* 


0.732* 


— ns —h —  -. ———À 


30th 


316.630 kw-hr. 
20.800 kw. 


Sunday, Oct. 4—8.27 А.М. 


Sunday, October 18th 
256.155 kw-hr. 
288 O89 kw-hr. 


1.306.017 
$16,348.47 
1,252 


10,252,262 


$51,792.32* 


0.789* 


*Revised. 
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Discussion ON “ CONDITIONS AFFECTING THE SUCCESS OF 
MAIN LINE ELECTRIFICATION,” (MunRAY), PHILADELPHIA, 
Pa., JANUARY 20, 1915. 

(Subject to final »«visios for the Transactions.) 

Alfred W. Gibbs: While recognizing the merit of the paper 
and its frankness throughout, I call attention to a few points 
where it is not sufficiently explicit, or with which I do not 
agree. 

As for the first, I allude especially to the tendency of cities to 
require electrification through their limits, usually for the pur- 
pose of eliminating smoke. While it is true that the inhabitants 
of a small community may be as much inconvenienced as those 
of the largest city, it, must be recognized that this demand, if 
fully carried out, means the establishment of as many steam 
locomotive terminals as there are separate lines of road leading 
into the city, the alternative to this being the electrification of 
the whole line. These local terminals would involve not only 
a heavy capital outlay, but a continued charge to expenses, due 
to the increased cost of the additional organizations and the 
less efficient use of the labor and equipment. This is properly 
a charge to electrification, and a heavy one. 

Mr. Murray is not quite fair in his criticism of the engineers 
who are responsible for the introduction of the direct-current 
system into the large terminals in New-York City. It must be 
remembered that a long period of ayitation had preceded the 
determination to electrify. The electrification was to avoid the 
objection to steam operation into the heart of a great city, and 
the first condition was that it should be a success from an operat- 
ing standpoint. Is it surprising that the engineers in charge 
should turn to methods which had been thoroughly tried out? 
In at least one case the proposal to adopt the alternating-current 
system of transmission was not seriously advanced until after a 
very large outlay had been incurred for direct-current operation, 
a large part of which would have had to be absolutely thrown 
away to introduce the new svstem—and that untried on a large 
scale in this country. It must be remembered, further, that any 
serious operating failure would have jeopardized the whole in- 
vestment and put back electrification for years. "The engineers 
did not then have to settle the question of future extension of 
electrification. There was not then, and there may not be for 
a long time, anv necessity to consider the question of future 
road electrification. By that time the air will have cleared 
considerablv. It must be admitted that the operating results 
in New York have fullv justified the engineers responsible. 

I criticize, also, the statement that one pound of coal burned 
under the boiler of a central power plant will develop twice the 
drawbar power that the same amount of coal will produce when 
burned in a locomotive firebox. Proper allowance has not been 
made for the improvement in the modern steam locomotive with 
more liberal boiler capacity and with superheat. As an example, 
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I have a record of coal per drawbar horse power for 27 tests of 
one locomotive on the locomotive testing plant at Altoona. It 
shows: 


2:0 00rd: MOUNGS: Joi u.a hc E ode Sedis 12 tests 
СООО POURS а Pes еды ed dura 4 tests 
S504 РОН cs sc do esee aec ere RARO eae 3 tests 
4. 4105 ОО. 1 test 
4:9 too БОНО oci CR He Pri 4 tests 


These are the rates when running, added to which are certain 
standby losses at terminals. 

The figures for the coal per kilowatt-hour at Cos Cob, as 
given by Mr. Murray, when reduced to drawbar horse power for 
the locomotive, do not justify the statement of relative efficiency. 

There is great difficulty in arriving at a fair basis of compari- 
son between steam and electric operation. For road locomotives 
and through electric operation the problem is the simplest. 
For switching service, where the steam locomotive may waste 
more steam at the safety valve that it uses in the cylinders, the 
problem is very different. This part of the paper covers one 
of the greatest advantages of the eléctric operation. 

In the table giving the cost of power the total costs are not 
given. Operation and maintenance account for 0.511 cent; fixed 
charges, including taxes and insurance, amount to 0.180 cent. 
No allowance is made for depreciation in the form of obsolescence 
in the power house and its equipment. From data of somewhat 
similar power houses, I should say that the fixed overhead charge, 
including depreciation, would be nearly double the figure given, 
say 0.35 or 0.4 cent., 1n the inverse ratio to the output. I 
regard this part of the expense account as a most important part 
of the accounting; otherwise, the time comes with startling sud- 
denness when you have obsolete equipment, with insufficient re- 
serve to replace it. 

While making these criticisms, it 1s but fair to recognize 
the courage of those responsible for the electrifications described 
in this paper and preceding ones. 

The paper is, in my judgment, very instructive, and all the 
more so because no claim is made for the 100 per cent perfection 
which we never realize. 

George R. Henderson: Mr. Murray's paper on main line 
clectrification will stand out as a “ classic" giving, as it docs, 
actual figures for cost operation on an  alternating-current 
line. Several vears ago Mr. W. J. Wilgus gave similar data 
for the direct-current lines of the New York Central. Both of 
these papers show that “ uniformity" of traffic is just as im- 
portant as “ density "” of traffic, otherwise the overhead charges 
of the power plant, which must be abnormally large, will more 
than ' eat up," anv saving due to fuel consumption, repairs, 
and labor, as the plant must take care of peak loads, and these 
can only be “ smoothed out" when the traffic is uniform. As 
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one hundred dollars per kilowatt will hardly cover power house 
and transmission lines, the importance of this observation will 
be obvious. 

The fuel saving is stated as 50 per cent for a fixed drawhar 
pull, vet it must be borne in mind that this comparison is made 
with the old type of saturated steam locomotives, and modern 
steam engines, fitted with superheaters, will reduce this ratio 
very considerably, say to 65 per cent the amount of coal for 
such a locomotive as would be built today. 

The fact that electric locomotives cost about three times as 
much as a steam locomotive of similar power must not be over- 
looked, also the flexibility of service of the latter is very impor- 
tant, as it may be transferred to any division desired owing to 
traffic conditions, and is not tied to a particular section whose 
limits are the lengths of the conductors leading from the power 
house. This is of prime importance to roads carrying inter- 
mittent business, such as live stock, which may have a week's 
work consolidated into a single night, or on the ore ranges in 
Michigan, which deliver cargoes to lake boats only during the 
period of navigation. Under such conditions the overhead 
charges would be out of all proportion to the work accomplished, 
and the electric locomotives would be idle a large part of the 
time, as they could be used only on electrified divisions. 

However, we are glad to note that Mr. Murray does not 
wildly and enthusiastically proclaim electrification a “ sure cure” 
for all evils, regardless of environment and operating conditions, 
as did some electrical experts a few vears ago, and the con- 
. servatism for which he pleads will surely benefit the whole 
problem of electrification, by insuring the large expenditures 
chargeable to capital only where they will produce remunerative 
returns from operation. 

E. H. McHenry: Mr. Murray strikes a very important key- 
note in the opening paragraphs of his interesting paper, in 
referring to the two-fold necessity for satisfving the require- 
ments of both the public and the railroad as the touchstone of 
success. 

The first requisite in the interest of the public may be fairly 
claimed as already satisfied, but the greater task of insuring ade- 
quate returns to the railroads upon the large capital 1nvestments 
required for conversion from steam to electric traction 1s as yet 
far removed from the state of an exact science. As stated by 
Mr. Murrav, there are many places where electric traction could 
now be installed with profit, but the ability and ingenuity of the 
engineers will be taxed to the utmost degree in further widening 
and enlarging the present commercial field of application. The 
progress of recent years in the development of the art all tends in 
the right direction, as with experience and a clearer perception of 
the governing principles, the commercial efficiency of the in- 
vested capital grows greater, and there is no reasonto doubt 
that the past progress wil be continued in the future, with 
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the result of greatly extending the present limits. With the 
growing tendency toward the consolidation of the best features 
of all the divergent systems into one system of greatest com- 
bined merit, the so-called war of the systems is already nearly 
at an end, and even now it will be found that there is more to 
be gained by a study of the possibilities afforded by the new 
method of train propulsion in securing the closest adaptation 
of its many points of merit to the operating requirements than 
by any probable difference between rival systems. There is 
room for much optimism in this general direction, although 
many cases will arise of special difficulty, in which the com- 
munity or that part of the public most benefited by the im- 
proved facilities, are least able or least willing to pay the cost 
of the service, as in the case of communities using costly pas- 
senger terminals, and unless some satisfactory method can be 
devised for spreading the cost of such service over a city or a 
` state substantially in the form of a tax, no practical solution of 
this difficult problem will be clearly apparent. In electrification, 
as in all other branches of engineering, the highest art will be 
shown by '' the ability to make a dollar earn the most interest.” 

C. Renshaw: As a traveler climbing a mountain will often 
not realize the height he has attained until, pausing, he looks 
back over the route he has traversed, so, although from the 
beginning I have followed the New Haven electrification through 
its various stages, the summary which Mr. Murray gives of 
the electric mileage, equipment, and activity to which the road 
has now attained has impressed me particularly. 

The application of electricity to the operation of every class 
of passenger, freight, and shifting service on an entire engine 
division of one of the busiest trunk line railroads of the country 
is an achievement that stands without a parallel in the entire 
world. It should be particularly gratifying, not only to those 
who are interested in electrical matters, but to the general 
public as well, that the undertaking is proving an economic as 
well as a technical success. 

No less notable than the achievement itself has been the 
policy of the railway company in giving so freely to the engineer- 
ing public the full results of its investigations and experience, 
not only with regard to its successes, but—what is of perhaps 
greater utility and certainly of greater rarity—with regard to 
its difficulties. The costs and other data which Mr. Murray 
has included in this paper form a valuable addition to the pre- 
vious contributions which he has made. 

As might be expected from experience with any original enter- 
prise, Mr. Murray estimates that the electrical plant of the New 
Haven road, with the ten years' experience in construction and 
operation, now available, could be reproduced today for not 
more than 60 per cent of its original cost. It should be gratify- 
ing to all, however, that he also states the financial return will 
ultimately be sufficient to justify the actual expenditure to 
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date, so that the courageous pioneer will not be a loser. Some 
road, he says, had to make the first break into the dark, but, 
from the data assembled, future results in the application of 
electricity in heavy trunk line territory can be predicated on 
assembled facts and not predicted from hypothetical analysis. 

In considering the economies over steam operation, by means 
of which electrification can justify the investment which it re- 
quires, Mr. Murray puts the matter very simply by pointing out 
that these economies are normally of three kinds; i.e., saving in 
fuel, saving in motive power maintenance and repairs, and sav- 
ing in train-miles. 

Broadly speaking, he savs the costs of the first two items 
under electrification will be one-half the cost under steam 
operation. The saving in train-miles, however, depends verv 
largelv on local conditions and cannot well be generalized. 
Success и? electrification, therefore, is primarily dependent 
upon density of traffic. This reduces the matter pretty well to 
its lowest terms and should help eliminate some of the mystery 
with which the savings to be effected bv electrification have 
apparently heretofore been surrounded in the minds of тапу 
railroad operating officials. 

A detail in the paper which deserves particular comment 1s the 
fact which is pointed out that an electric locomotive, lke an 
over-willing horse, may work itself to destruction if permitted 
to do so. While it is perfectly possible to keep the cost of 
maintenance and repairs at one-half those of steam locomotives, 
under conditions most favorable to steam operation, Mr. Murray 
savs it is only by the most rigorous and careful inspection and 
conformity to proper rules of operation that this can be done. 

This fact is one of the most difficult to impress upon the 
minds of steam railroad operators, and it is to be hoped that 
the figures of 8.6 and 10.6 cents per mile for the maintenance 
and repairs of the general average of New Haven locomotives, 
as compared to the average of 3.96 cents per mile for the ten 
locomotives which have been properly overhauled, will have 
some effect in bringing about a more thorough realization of 
this important matter. Incidentally, this figure for the main- 
tenance and repairs of ten locomotives, making 466,524 miles 
in the seventh year of their age, is a remarkable commentarv 
on the reliability of such equipment when handled intelligently. 

The paradoxical action of heavy freight trains in steadying 
the power house load instead of causing an increase in the peaks, 
as it was feared thev would do, is also of interest. The fact that 
these trains, by dropping the voltage slightly, when drawing 
heavy accelerating currents, naturally cause other trains moving 
at high speed in the neighborhood to automatically reduce their 
power requirements, is readily appreciated when once noted, 
but is one of the many items brought out by actual experience 
which are often overlooked in advance calculations. Fortu- 
nately, in this case the unforeseen item is one which produces 
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a favorable rather than an unfavorable effect on the operation 
of the system. 

Many other items which Mr. Murray has set forth are also 
worthy of comment, and the entire paper forms a valuable con- 
tribution to the subject. We hope that it may serve as an in- 
spiration to other engineers in active touch with the operation of 
similar properties to present their experiences with equal freedom 
for the general benefit of the art. 

F. E. Wynne: Mr. Murray’s paper is a very valuable con- 
tribution to the literature of electric railroading, not only on ` 
account of the operating data which it contains, but because 
of its clear exposition of the broad principles to be considered 
in deciding whether an electrification will be successful. In 
the past electrical engineers have been accused (and to some 
extent rightfully so) of advocating wholesale electrification of 
steam railroads without regard to the measure of success which 
might be expected. It is therefore very pleasing to find arep- 
resentative electrical engineer taking the stand that an electri- 
fication is only justified when it is an assured success from the 
standpoint of all parties concerned. 

The figure of $15,000,000 given as the expenditure for elec- 
trification of the New Haven Railroad to date indicates that the 
expenditure has been $120,000 per unit of motive power and 
$30,000 per mile of single track. Complete electrification of the 
New York-New Haven division will be accomplished without 
additional expenditure for trolley construction (whichisa very 
large proportion of the total), and consequently these unit figures 
will be somewhat changed. The total expenditure per unit of 
motive power will gradually decrease and that per mile of single 
track will increase to some extent because of the large number of 
electric engines in service without increase in the mileage of 
the electric zone. ! 

The further statement that the present plant could berepro- 
duced at the present time with better operating results for not 
more than 60 per cent of the actual cost to date, indicates that 
for an installation similar to the New Haven the total cost may 
be made less than $70,000 per unit of motive power, while the 
cost per mile of single track will be in the neighborhood of 
$20,000. These figures, as noted by Mr. Murray, represent the 
cash outlay, and in determining the net cost of electrification 
they will be reduced by the credits for steam equipment replaced, 
etc. 

The figures given for mileage show that passenger locomotives 
average approximately 170 miles each, daily, and that only 
22 per cent of total number of passenger trains have the full 
run of seventy-three miles. This daily mileage per locomotive 
is comparable to that secured from electric cars operating in 
rapid transit and heavy interurban service. It therefore seems 
reasonable to assume that when all through trains are electrically 
operated the average daily mileage per locomotive may be 
materially increased. 
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Similarly, the multiple-unit motor cars show an average of 
eighty-four miles each, daily. This is relatively low, but 1$ un- 
doubtedly due to the fact that local trains are bunched in the 
morning and evening rush hours to a greater extent than 1s 
ordinarily found. This low mileage, together with the fact 
that over half of the total multiple-unit trains operate with only 
one trailer per motor car, indicates that the railroad is not yet 
getting the full benefit of the rather large equipments on the 
motor cars. 

The figures given in connection with the operation of the 
switching engines illustrate the remarkable reliability and operat- 
ing economy of electric locomotives in this particular class of 
service. Such results lead us to believe that the field for the 
electrification of railroad vards is a large one and that consider- | 
able progress in this direction will follow a full appreciation of the 
success which may be expected. As density of traffic is one of 
the largest factors in determining the advisability of electrifying 
main lines, so the desirability of yard electrification will largely 
be determined by the degree of congestion existing. In such 
installation the initial expense may be reduced to a minimum 
where central station power 1s available. 

Mr. Murray states that electrification very quickly increased 
the reliability of operation to some three or four times that of 
the steam operation it replaced. We do not altogether under- 
stand what is the measure of reliability used in making this com- 
parison, but assume he means that the number of failures were 
from one-third to one-fourth as many as were encountered during 
steam operation for a similar period. 

In connection with Mr. Маттау 5 statement that maintenance 
and repairs on electric locomotives amount to approximately one- 
half those required for steam locomotives with equal weight on 
drivers, I should like to ask whether operation in equal service 
also should not be part of the basis of comparison. 

The remarks regarding the differences in the natures of elec- 
tric and steam engines are particularly pertinent, and Mr. 
Murray's plea for electrically-trained men in the administrative 
department of electrified steam railroads points out one of the 
things which 15 of the highest importance in securing the fullest 
measure of success in electrifications. 

It is interesting to note the results secured in connection with 
energy consumption, as these closely check the accuracy of cal- 
culations made ш connection with this service, thus illustrating 
the fact that the energy consumption with electric operation 
can be very closely predetermined where trains are operated on 
a steam railroad basis; that is, with definite schedules and de- 
finite stops. The figures given show, further, how rapidly 
the consumption of energy increases with the increasing number 
of stops as indicated by the several classes of service. Since the 
electrical equipment is merely apparatus for converting electrical 
into mechanical energy, it follows that with increased unit en- 
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ergy consumption increased work is required of the electrical 
equipment, and therefore electric locomotives will safely handle 
much greater tonnages in through service than in local service. 
They will also handle greater tonages at moderate speeds than 
can be operated at high speeds. 

The information regarding the improvement of load factor 
and smoothing out of the curve of power station output with the . 
addition of trains (even though those trains were comparatively 
heavy) illustrates a principle which has been found to exist in 
connection with citv and interurban electric railways namely, 
that the peak load on the system increases less rapidly than in 
proportion to the increase in number of cars or trains operated. 
However, in city and interurban systems this is probably due - 
more to the fact that, as the number of cars operated increases, 
a smaller proportion of the total are starting simultaneously, 
rather than to the fly-wheel effect of the moving cars. We are 
inclined to the opinion that with further increase in the number 
of trains electrically operated by the New Haven Railroad some 
benefit in the improvement of load factor and reduction of 
peaks will be secured from this source, as well as from the fly- 
wheel effect of the moving trains. 

The reduction in cost of the trolley construction which has 
been made since the initial installation shows great progress in 
the right direction. However, we believe that itis not yet suffi- 
ciently low to represent maximum all-round economy. This 
belief is strengthened somewhat by Mr. Murray’s statement of 
the extraordinary reliability of the overhead construction in 
stormy weather. This great degree of reliability leads us to 
question whether part of the cost of the overhead construction 
may not be due to its being designed with an unnecessarily great 
factor of safety. 

In connection with Table XVII, only interest, taxes, and т- 
surance are specified as fixed charges. I should like to ask 
whether a depreciation allowance is included in the figures given. 

I feel that the Institute is to be congratulated upon securing 
the presentation of such an able paper, and trust that its author 
mav continue to make public his valuable data regarding the 
principles of railroad electrification, to the end that electric 
operation of steam railroads may be extended and may be at- 
tended bv the greatest success. | 

Philip Torchio: The growth of large electrical undertakings 
has been the evolution from small beginnings. In the case of 
railroad electrification, however, the problem has been quite 
different. With an established heavy traffic which does not 
allow of interruption or delavs, a new svstem of traction is to 
be substituted, requiring radical structural changes all along 
the line and an entire new system of power generation and 
distribution. 

The engineers confronted with the problem have attacked it 
in a comprehensive and thorough manner, developing complete 
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systems as self-sustaining and autonomous as the progress of 
the art allowed them to accomplish at the time. Mr. Murray 
has described the operation of a system which really went a step 
further and anticipated the progress of the art by many years. 
The importance of this epoch-making “ experiment ” 1s naturally 
very great. 

The author emphasizes the point that the experience of the 
New Haven will benefit the other railroads in solving their prob- 
lems of electrification. In this connection I wish to call atten- 
tion to the item of investments in power houses and power-trans- 
mitting lines, which in all the original electrifications were as- 
sumed as a necessary part of the equipment, but which in late 
years the railroads have found more economical to omit from 
their investment, substituting purchased power delivered to 
them by central-station power companies. The New Haven has 
purchased from the New York Edison Company all the power re- 
quired for its western section of the alternating-current lines and 
terminals. The Pennsylvania Railroad has purchased from the 
Philadelphia Electric Company the power for the electrification 
of its main line from Philadelphia to Paoli and for its other con- 
templated extensions around Philadelphia. "The London, Brigh- 
ton and South Coast Railway Company buvs current from the 
London Electric Supply Corporation, Ltd. The Chicago, Mil- 
waukee'and St. Paul Railway and the Butte, Anaconda and 
Pacific Railway buy power from the Montana Power Company. 

Along every large railroad where the heavy traffic would 
warrant electrification there 1s, or can be made readily available 
abundant supplv of electrical power from power companies. 
These companies, by averaging the power demand from a great 
diversity of users, reap economical advantages in investment and 
in generation and distribution of power which the railroad can- 
not secure under independent generation. I wish to call atten- 
чоп to this phase of the problem, as the saving in investment 
in stations, substations and transmission lines may represent 
a sensible item in the investment of railroad electrification. 

The central stations, besides offering investment and operat- 
ing advantages, can furnish, in addition, a more reliable supply 
of power, because they command the best knowledge of the art 
of electricity supply, which is their exclusive and specialized 
business. 

W. A. Del Mar: This paper isinteresting not only as a state- 
ment of operating results with the single-phase system of trac- 
tion but also as a basis of comparison between steam and elec- 
tric traction. Indeed, so nearly equal are the principal elec- 
tric systems from an economic point of view that we may well 
afford to neglect their rivalry in view of the more vital rivalry 
between steam and electricity. I believe that the '' battle of 
the systems " was largely caused bv the advocates of each 
system being so carried away by enthusiasm as to be unable 
to tell the whole truth, whether in defending their own or 
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criticising the others. Here, at last, we have a presentation of 
operating results, making it unnecessary to base conclusions 
upon specious arguments about details. 

It is unfortunate that the operating costs are given for only 
two months of the year. The results would have been more 
valuable if they had been based upon a complete year, as it is 
almost impossible to select two really representative months, 
especially in view of inevitable variations of maintenance costs 
of equipment. The omission of the annual fixed charges 1s 
also to be regretted, as it is well known that the running charges 
can be made less with electric than with steam traction, but 1t 
is not always clear whether the fixed charges added by the elec- 
trical plant will destroy the favorable balance due to operating 
economies. Various cost data are presented, but in such form 
as not to be available for calculating fixed charges. We do 
not know, for example, whether the $15,000,000 expenditure 
mentioned by Mr. Murray includes the cost of reducing tele- 
phone disturbances and of altering the right-of- -way to conform 
with electrical requirements. 

One cannot help being appalled at development dires 
amounting to 40 per cent of the entire investment, as one 
would infer from Mr. Murray's statement that the present 
system could be replaced for 60 per cent of the original invest- 
ment. Ап interesting feature about the installation has been 
the development from the complex to the simple in mechanical 
details, and vice versa in the electrical features. 

Examining the operating costs with the view of comparing 
them with steam operating results, one 1s confronted by a series 
of questions which, if unanswered, will render such comparison 
difficult. Having gone to great trouble to segregate and clearly 
present the operating costs, Mr. Murray proceeds to obtain unit 
costs by dividing these operating costs by car mileages and train 
mileages of unspecified nature. It is to be hoped that Mr. 
Murray will state the nature of the mileages with greater detail, 
particularly as to whether they include yard switching and light 
locomotives. These two items may easily amount to 15 per 
cent of the entire mileage. 

The fixed charges given for the Cos Cob power station ap- 
pear to be very low. It would be interesting to know whether 
they include depreciation. 

An interesting feature of the New Haven installation is the 
use of meters on the locomotives. This enables an intelligent 
estimate to be made of the relative cost of different classes of 
service, such as passenger locomotive, freight, and multiple-unit. 
Meters on locomotives are not very accurate, due to vibration, 
but it is interesting to note that, provided the vibration is im- 
partial with respect to making the meters read high or low, 
the probable error 1n the aggregate reading will be quite small, 
due to the large number of locomotives. "Thus where there are 
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100 locomotives a possible error of 20 per cent in each meter 
20) 


will cause a probable error of only М 100 = 2 per cent in the total. 

Electric railway men should feel very grateful to Mr. Murray 
for this paper, which will long be consulted as a classic upon a 
great engineering topic. 

R. H. Wheeler: In this paper there comes a boon to those 
interested in the application of electricity to train movements, 
in the practical definitions of conditions which affect the suc- 
cess of a railroad electrification, supplemented by copious data 
resulting from an extended period of operation. The haze from 
the “ shots ” of the “ battle of systems " now clears away from 
the single-phase side of the field, showing an interesting array 
of results achieved. 

Two points, from the many ably put forth, appeal to me 
for special emphasis. ‘These are vital to the success and quantity 
of success, which latter is the chief “ lure '' of electrification. 

First.— The careful analysis and choice of а form of electric 
power which may be standardized for all classes of train service 
on that road. 

Second.—The “ inheritance ” to electric operation of “ steam- 
trained ” operators. 

Under electric operation the power plant is separated from 
the locomotive, and it is evident that the economy of energy 
transmission, from its source to the wheels of the engine, is 
paramount. The overhead contact wire lends itself very readily 
to this transmisson duty, in vards, terminals, on the road, and 
elsewhere. For reasons of high economy of transmission and 
diversity of transformations, Mr. Murray suggests that this 
wire be energized with 11,000 volts single-phase, 25-cycle power. 
By the use of the mercury-arc rectifier the admirable qualities 
of the series direct-current motor can be retained. This motor 
is especially desirable where the “ density of traffic ” factor is 
highest, as in suburban and terminal electrification, on account 
of its accelerating capabilities and weight economies, both in 
itself and its control. However, to carry about a rectifier upon 
the class of equipment employed in terminal service, even if 
rectified single-phase current were suitable, would impose a 
serious handicap in both weight and control complication. 
Rectified single-phase current is not ideal for direct-current 
motors of the usual design, requiring increased thermal capacity 
and thus weight. These reasons militate against the “© standard ”’ 
proposed as suitable for all classes of train service. 

However, by placing the rectifier in the roadside substations 
and taking advantage of the economies and freedom of dis- 
turbance to other local circuits of a balanced three-phase, 60- 
cycle supply, another “ standard " results which supplies, over 
the overhead contact wire, power at 3000 volts direct current, 
and which has the desired essentials of transmission economy 
and standardization of motive power equipment. In the case 
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of heavy grade divisions operated by rectifier substations, 
engines arranged for regeneration would be employed. This 
second “standard ” is offered to emphasize Mr. Murray’s defi- 
nition of the successes arising from a choice of energy which can 
be standardized. A railroad which, in its initial electrification, 
utilizes a system which is capable of being extended through 
successive increases of electrically-operated territory has gone 
far to ensure successful electrification. 

With the figures Mr. Murray presents, indicative of the suc- 
cessful operation of the New Haven motor cars and a-c. d-c. 
engines since the last overhaul in a well-appointed maintenance 
shop, it is evident that the straight alternating-current engines 
will show greater economies. When the data are available from 
the Butte, Anaconda and Pacific Railroad, Chicago, Milwaukee 
and St. Paul Railroad, and Canadian Northern Railway, giving 
results of operation, especially as the latter is to employ 2400- 
volt motor cars, another decisive step towards standardization 
can be made. 

Secondly, I wish to emphasize the important part that 
“ heredity " plays. Mr. Murray states that a thorough under- 
standing must be had of the fundamental differences between 
steam and electric operation. Electric operation is a more 
exact science than steam operation, since a great many of the 
variable factors are removed. Chief of these, the power gen- 
erating plant, is removed from the hands of the fireman, and he 
cannot now produce more power to get an overload engine over 
the road. Certain rules and axioms the officials of the operating 
department must appreciate in adapting themselves to the era 
of electrification. ` 

As well, the proper care and thorough inspection of electric 
equipment should be insisted upon and the long life resulting 
from renewals and not repairs be gained. It takes thorough 
investigation and time to care for such equipment, and in the 
early stages a little more leeway should be given the shopmen. 
Cooperation in these things will produce the economies which 
make an electrification successful. 

W. S. Murray: The writer takes this opportunity of ex- 
pressing his appreciation of the many interesting points and 
suggestions that have been brought out in the discussion of 
the paper. 

Before specifically commenting on the individual discussions, 
the writer desires to draw attention to an (apparent) error in 
the paper, which appears in Table XVII, under the statement 
covering the output of the Cos Cob station. In that state- 
ment the fixed charges are named as 1.8 mills per kw-hr. This 
statement is based upon certain discounts allowed by the 
railroad company on installation charges, and also does not т- 
clude depreciation. For outside comparative purposes, however, 
the rate of 1.8 mills should be changed to 2.9 mills, the latter 
figure being based upon an eleven per cent rate on the total 
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investment involved, carrving with it interest, insurance, de- 
preciation, and taxes. The total cost, therefore, for current 
would become 8.01 mills per kw-hr. instead of the rate named 
іп the paper of 6.91 mills, the former and larger figure being 
then in form, as previously stated, for comparative purposes. 

I am indebted to Mr. H. P. Davis, vice-president of the West- 
inghouse Electric and Manufacturing Company, for his valuable 
discussion, and it ishardly necessary for me to point to the fact 
that not a little of the success in the application of high-tension 
alternating current to heavy traction systems is due to Mr. 
Davis. In particular we are indebted to Mr. Davis for the 
system of control that is used for electrical sectionalization, 
and, while the New Haven svstem now in service has been 
modified considerably to conform to the rearrangement of its 
circuits to reduce to a minimum electromagnetic induction, the 
earlier and basic elements which were worked out largely under 
the suggestion and cooperation of Mr. Davis are found in the 
system now controlling our entire lines. 

Mr. Davis's long connection with the development of heavy 
electric railway equipment lends authority to his voice in com- 
menting on the proper treatment which should be accorded elec- 
trical equipment. It might be said of electrical as compared 
- with steam equipment, that И 15 possible to get twice as much 
out of it and it 1s four times as different, and the brains and 
' fingers that are to handle the electrical equipment should have 
an electrical rather than steam instinct governing them, for 
the rapid progress and success of the application of electricity 
to heavy traction railways will largely depend upon the recog- 
nition of these simple facts. 

Of the various departments of a railroad, covering respectively 
executive, traffic, transportation, legal, operating, and епрі- 
neering matters, it were natural апа seemingly logical to assign 
an electrification problem to its engineering department, and 
yet the advance of the art in the application of electricity for 
heavy traction purposes has been so rapid that I venture the 
opinion that ninety per cent of the chief engineers of all the 
roads in this country, being so perfectly unacquainted with the 
underlying principles of the generation and application of elec- 
tricity, would shrink from such a responsibility. It is to be 
noted that a few roads have placed their engineering department 
under the junsdiction of their operating department, under 
which arrangement an assignment of the problem to the engi- 
neering department jeopardizes still further the desired result. 
The railway company will do well, therefore, when it decides 
to make so radical a change in its motive power, involving 
millions of dollars, to assign that responsibility solely to a man 
qualified to assume it, and also to see to it that his hands are 
not tied by having to report to officers in the engineering and 
operating departments, who are unacquainted with the govern- 
ing principles of electricity; indeed, on the contrary, it is my 
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opinion that these departments should be requested by the 
president to cooperate to the full with the officer responsible 
for the work, thus clothing rather than robbing him of the 
authority so essentially necessary in producing an electrical 
plant to accomplish an electrical result. 

As the above is true in the matter of electrical engineering 
and construction, it is to a very great extent true in the matter 
of operation, and, as pointed out in the paper, while no radical 
change is necessary in the general railroad organization of to- 
day, I cannot too greatly emphasize the absolute truth that 
when a railroad company has adopted electricity to be its motive 
power the operating officials should state the schedules and con- 
sist of trains, and then abide by the decision of the electrical 
officer (whose duties might be defined as '' in charge of electrical 
engineering and construction and the features of electrical opera- 
tion ”) аз to what power, both generative and motive, is neces- 
sary. 

In the past there has been an appalling attitude on the part 
of officials of some steam railroads electrifying—rather than 
welcoming the selection of electrically-trained men for posi- 
tions such as superintendents of electrical shops, road fore- 
men of electric engines, master mechanics for electric engines, 
to insist that these positions be filled by men who have occu- 
pied seemingly analogous positions under steam locomotive 
conditions, notwithstanding their past environment, experience, 
and adaptability to the new and different conditions confront- 
ing them make them unfit, both from a safety and economic 
standpoint, to serve. Railway managements are now waking 
up to these facts, and in the last year great improvement in 
the electrical personnel of the operating departments has re- 
sulted. There is much along these lines to be accomplished 
yet, and dire necessity, as much as anything, has brought about 
the real and final awakening of a differentiation between elec- 
trical talents that apply and those of steam that do not. This 
information is too vital, and, indeed, as it constitutes the very 
rivets and gusset plates of the electrification bridge over which 
we are crossing to more economic, safe, and satisfactory rail- 
roading, it has a fitting place here. It has beena strenuous 
past; the bills have all been paid, and as sure as they represent 
the millions of dollars lost in the past, so do they equally re- 
present the millions of dollars to be saved in the future, and so 
at least we can sav it has taught us “ how not to do it.” 

Referring to Mr. McHenry's comments: It has always seemed 
to me that electrification has been an advantage to “ the many” 
at the expense of “ the few." While it is true that electrifica- 
tion for economy's sake bids fair to preémpt the use of it for 
necessity’s sake, still it is fair to believe that the consideration 
of electrification of city terminals carries for the present a more 
popular justification, and if it can be proved beyond doubt 
that the electrification of city terminals imposes a financial 
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burden upon the railroad, it would seem to me that Mr. Mc- 
Henry’s suggestions of an “ outside ” tax should find justifica- 
tion. 

In Mr. George R. Henderson 5 valuable contribution to the 
paper an excellent point is made with regard to the uniformity of 
traffic being a most important adjunct in securing the economies 
of electrification. In nearly all the situations of electric power 
veneration and distribution we seldom, if ever, hear of one 
wherein a 100 per cent load factor obtains. There are thus 
certain hours in a day, and in railroad work generally two such 
periods (if only the passenger service is operated by electricity), 
when the power requirements are at a maximum. It is thus 
seen that at all other times of the day and night full advantage 
is not being taken of the total electrical investment. Realiza- 
tion upon Mr. Henderson's suggestion is to a large measure 
accomplished by the electrical movement of freight as well as 
passengers, as the maximum power demand for the former can 
be made to follow at the time of minimum demand for the latter. 
Those who have studied the matter of load factors in their 
application to lighting and street railway properties have ac- 
customed themselves to such figures as from 35 to 45 per cent 
and sometimes reaching 50 per cent load factor. I have no 
doubt it will be of interest to state that in plotting the combined 
load curves of the New Haven passenger, freight, and switching 
services without anv rearrangment of the schedules as thev are 
made up today a load factor of 75 per cent is secured, which 
figure, I am sure Mr. Henderson will agree, bespeaks the uni- 
formitv of the densitv of traffic at least in the New Haven 
case. It is apparent, therefore, that in the study of electrifica- 
tion equal consideration. should be given to both freight and 
passenger movement. 

With regard to fuel saving, if the economy of generating units 
remained fixed, it would be fair to grant Mr. Henderson's point 
with regard to the change of ratio from 50 per cent to 65 per 
cent. On the other hand, the thermal efficiency of generating 
plants is easily keeping pace with that of steam locomotives, 
and, granting this, there are no other constants or variables 
which will tend to alter the ratio of one or two in favor of the 
fuel economy of drawbar pull by central electrical stations 
versus steam locomotives. 

Mr. Henderson’s point with regard to the transfer of steam 
locomotive power to different divisions of a road where con- 
gestion may require is interesting; I can conceive, however, of 
a division electrifying, with economy, not inclusive of the 
financial credits due to the steam locomotives replaced, thus 
automatically providing steam locomotives for service in the 
congested districts. The principal value of Mr. Henderson 6 
observation on this matter, to me, is in pointing out that every 
electrification is a study ш itself, and in electrifving one division 
its effect mav be felt in many different wavs in other divisions. 
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I am indebted to Mr. F. E. Wynne for his unit analvsis of 
investment cost. I think that he has transformed electrification 
investment into a very unique and interesting basis for con- 
sideration. His assumption with regard to the limitation of 
passenger locomotive and multiple-unit car mileages is entirely 
correct; the morning and afternoon suburban traffic to and from 
New York City, with its close headway, makes the problem of 
securing high car and locomotive mileage most difficult. 

Answering Mr. Wynne’s question as to the statement of in- 
creased reliability of operating when electric was substituted 
for steam service, I would advise that this was, as he surmised, 
upon a failure basis. А fair average for steam locomotive opera- 
tion might be cited as 5000 miles per engine failure, whereas 
with electrical operation it certainly should be 12,000 andina 
number of instances on the New Haven it has been as high as 
18,000, and it is my understanding that both the Pennsylvania 
and the New York Central have reached figures higher than 
this, our own mileage having been lower than the others, due 
chiefly, I think, to the requirement of the dual a-c-d-c. opera- 
tion. 

I am entirely in agreement with Mr. Wynne that the main- 
tenance and repairs on electric locomotives should be compared 
to those of steam upon the basis of equal service and weight on 
drivers. 

Again I find comfort in Mr. Wynne’s emphasis upon the 
high importance of securing the proper electrical administrative 
forces in the electrified zones of steam railroads. 

Answering Mr. Wynne’s inquiry with regard to Table XVII, 
as explained in my general note at the beginning of this dis- 
cussion, no allowance was made for depreciation under fixed 
charges. 

Mr. Philip Torchio’s contribution is of great interest, and 
shows the trend and possibilities of large central-station power 
in the field of electrification. The introduction of an alien power 
to produce drawbar pull upon a railroad is certainly a departure 
from past practise. Тһе acceptance of this practise hvphenates 
the name of the mechanical superintendent, and the central 
power stations who have relieved him of a part of his duties will 
do well to see that this new step is justified, and it can only be 
justified bv a practicallv perfect continuity of service. 

Many railroads electrifying will insist upon the internal con- 
trol of their entire power, others will mingle purchased power 
with their own power, and, finally, still others will depend en- 
tirely upon purchased power. I see no particular difficulty 
arising in any one of these three arrangements of supply, and 
I have agreed with. Mr. Torchio that the only true basis fora 
contract by a railroad for the supply of outside power will be 
that that power can be supplied with the same reliability as 
the power could be produced by the railroad company and at 
equal cost. i 
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The higher thermal efficiency secured in the use of large 
generating units affords an opportunity for large central-station 
plants to sell power to railroads, a measure of the justifiable 
profit in this sale being in the difference in efficiency between the 
smaller generating station (required by the railroad) and that 
of the central station. Such an arrangement as Mr. Torchio 
has pointed out provides an economical supply of power, and 
at the same time obviates the necessity of the railroad company 
investing in this feature required for electrification. Indeed, 
and digressing for a moment, I will go a step further under Mr. 
Torchio’s thought and say that in these days when railroads are 
so hard up for cash the “ equipment trust ” offers a relief 1n the 
matter of the purchase of electric motive-power equipment, 
leaving as the only cash investment necessarv, on the part of 
the road electrifving, that incident to the cost of the distribu- 
tion and contact system required for the operation of its trains, 
and such buildings or modifications of buildings as will cover 
the shopping requirements of the new electrical equipment. 

Commenting on Mr. Alfred W. Gibbs's valuable contribution 
in the discussion: His first point is well taken, and has been long 
recognized as one of the serious capital and operating expendi- 
tures where the problem of electrification is applied to deviating 
lines entering a city, and unless, as Mr. Gibbs points out, each 
one of these lines is electrified throughout the entire division, 
it is necessary to arrange local terminals to permit a change 
from steam to electrical operation. Such a condition, for ex- 
ample, is manifest in the study of the electrification of the various 
lines of the New York, New Haven and Hartford, the Boston 
and Albany, and the Boston and Maine Railroads entering the 
city of Boston. As Mr. Gibbs advises, this is quite properly 
а charge to electrification, and a heavy one. On the other 
hand, large cities gridironed with their entering roads mav have 
a density upon these tracks which will permit the terminal 
charges and still be within the economic limit of electrification. 
The tendeney will be, of course, to electrify roads entering the 
cities upon which the greatest traffic obtains, and those having 
a lesser density will in turn be electrified as increased density 
justifies. Тһе dithcult financial situations in which the rail- 
roads of today tind themselves are becoming better appreciated 
daily by the public, and it is safe to assume that, as density of 
traffic is the controlling factor in electrification, a city’s people 
will see the justice of such a proposed procedure. 

I fear my little remark with regard to the third rail “ having 
gone to seed” has unwittingly lodged in Mr. Gibbs’s vermiform 
appendix, and will necessitate a slight operation on my part. 
Let me hasten to withdraw any seeming attitude of criticism 
on my part with regard to the engineers who were responsible 
for the introduction of the direct-current system, particularly 
in the New York City terminals. That the Pennsylvania Rail- 
road Company has adopted the overhead system for its Phila- 
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delphia electrification, I confess, offered partial grounds for the 
suggestion that the third rail was past its flowering stage. 

Mr. Gibbs’s table showing the economy of steam locomotives 
with more liberal boiler capacity and with superheat is most 
interesting. The note that Mr. Gibbs adds, however, that 
“these are the rates “Леп running, added to which are certain 
standby losses at terminals," transforms '' test " into practical 
conditions, and, as explained in my commentaries on Mr. 
Henderson's discussion, the improvement in thermal efficiency 
of central power stations can easily keep pace with any similar 
improvements in the steam locomotives. I feel sure that Mr. 
Gibbs will later find that my statement with regard to this 
matter is correct, and, if he does so, will take the first oppor- 
tunity to withdraw his criticisms of mv statement that “ one 
pound of coal burned under the boiler of a central power plant 
will develop twice the drawbar power that the same amount of 
coal will produce when burned in a locomotive firebox.” When 
I made the statement I had, of course, reterence to the average 
conditions of practical operation. 

As explained in the paragraph preceding my commentary 
on the general discussion, the figures for depreciation upon the 
Cos Cob power station were not included, and for comparative 
purposes they should have been allowed. Mr. Gibbs has named 
a rate of 0.35 cent, or 4 cents per kw-hr., as the amount that 
should apply, and it is to be noted that upon the basis of 11 per 
cent upon the total investment made, covering interest, insur- 
ance, depreciation and taxes, the figure 0.29 cent, while less, 
does not differ greatly from that suggested by Mr. Gibbs. 

Mr. Wheeler discusses most interestingly two vitally impor- 
tant points in the matter of electrification: 

(1) The form of electric power which may be standard- 
ized for all classes of train service. 

(2) The inheritance in the electric zone of “ steam- 
trained " operators. 

With regard to (1), the question of the location of the rectifier 
on or off the locomotive will always admit of local analysis for 
the most economic result. Mr. Wheeler has pointed out some 
very interesting possibilities in this direction. 

With regard to (2), the matter of electrical administration, 
I have already expressed. myself at such length on this matter 
that it will be only necessary to acknowledge with interest Mr. 
Wheeler’s concordant sentiments. 

Mr. W. A. Del Mar has asked some very pertinent and inter- 
esting questions, which [ am very glad to answer. With re- 
gard to the expenditures made to reduce telephone disturbances, 
and of altering the right of way to conform with electrical re- 
quirements, these were included in the general figure of $15,- 
000,000 mentioned in the paper. It is of interest, however, to 
note that past experience has indicated a proper method ot 
laying out the transmission and distribution system whereby 
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automatic compensation for telegraph and telephone disturbance 
сап be secured for a very nominal amount. For example, in 
the case of the electrification of the four-track lines between 
Stamford and New Haven, the arrangement of transmission 
and distribution for the most economic traction result. proves 
the most efficacious for reduction of the telegraph and tele- 
phone disturbances. 

It is of interest to note that Mr. Del Маг 15 appalled at the 
development charges of the single-phase system, and, while I 
am at а loss to understand how a “ fact ” can be presented іп an 
" ingenious wav," as an example of a reduction of costs, our 
strain insulators in 1907, when we first began the electrification, 
cost $63. Today, with factors of safety three times both the 
electrical and mechanical values they had in their original in- 
stallation, the cost has been reduced to $7. A longer experience 
in the handling of work-train service and the administration of 
construction work upon those work trains are points alony the 
curve representing 40 per cent in the reduction of construction, 
etc. 

With regard to the four questions Mr. Del Mar has asked, 
I am glad to answer them as follows: 

(1) Q. Do these milea£ges include or exclude vard switching? 

A. The mileages given for both passenger and freight 
service do not include yard switching (vard switching is taken 
care of bv yard switchers designed especially for that purpose). 

I would advise, however, that the locomotive-miles as shown 
on line 2 of the operating statistics, in the case of both the passen- 
ger and freight service, include the mileage of locomotives in 
trains and also the miles “тап light ” between engine-houses and 
stations. In figuring the passenger operating costs, however, 
the mileage of engines “ run light " between stations 15 also 
included, thus giving the total passenger locomotive-miles, and 
in figuring the operating costs on freight locomotives likewise 
the miles of light moves and the mileage of locomotives switch- 
ing at way stations on the main line are also included. It 
would doubtless be of interest to Mr. Del Mar to know that we 
have added a third sheet of statistical information having ref- 
erence onlv to vard switching mileage and vard switching costs, 
which sheet had not been inaugurated at the time the paper 
was written. 

(2) Q. If thev exclude vard switching, do not the operating 
costs appear unduly high? И they include vard 
switching, how is Ц estimated? 

А. The above answer to Question 1 doubtless serves as 
an answer to Mr. Del Mar's second question. While agreeing 
to his statement that the costs are high, L only hope that I have 
made the reason for this clear, especially in view of the typical 
record of the costs of maintaining the ten engines which at the 
time of the paper had received a full overhaul in the new shops. 
As previously explained, some of these engines had run 300,000 
miles without undergoing any general repairs. 
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(3) О. Are light locomotive mileages included in train-miles? 
A. The train-miles did not include the mileage of loco- 
motives “ run light," but have been recorded and are included 
in the total locomotive mileage in computing the unit cost per 
locomotive-mile both in freight and passenger service. 

(4) О. The fixed charges given for Cos Cob power station 
appear to be very low. It would be interesting 
to know whether thev include depreciation. 

A. As explained in the previous part of this discussion, 
thev did not include depreciation. 

Mr. Del Mar’s point with regard to the negligible error of 
meter registration on locomotives is very interesting, and so far 
as we have been able to determine, the meters have been an 
accurate and valuable adjunct in the determination of the gen- 
eral distribution of power. - 
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HISTORY OF THE STANDARDIZATION RULES 


The first step taken by the Institute toward the standardization of 
electrical apparatus and methods was a topical discussion on “ The Stand- 
ardization of Generators, Motors and Transformers," which took place 
simultaneously in New York and Chicago on the evening of January 26, 
1898. The discussion appears in the Institute TRANSACTIONS, Vol. 
XV, pages 3 to 32. The opinions expressed were generally favorable to 
the scheme of standardization of electrical apparatus, although some 
members feared that difficulties might arise. As a result of this dis- 
cussion, a Committee on Standardization was appointed by the Council 
of the Institute, consisting of the following members: 

FRANCIS B CROCKER, Chatrman. 


Cary T. HUTCHINSON CHARLES P. STEINMETZ 
ARTHUR E. KENNELLY Lewis B. STILL WELL. 
Joun W. LIER, JR. ELIHU THOMSON 


After a careful consideration of the matter and consultation with the 
members of the Institute and interested parties generally, a “ Report 
of the Committee on Standardization,” was presented and accepted by 
the Institute, June 26, 1899. Those original rules appeared in the In- 
stitute TRANSACTIONS, Vol. XVI, pages 255 and 268. 

As a result of changes and developments in the electric art, it was 
subsequently found necessary to revise the original report, this work 
being carried out by the following Committe on Standardization: 

Francis B. CROCKER, Chairman. 


ARTHUR Е. KENNELLY CHARLES P. STEINMETZ 
Joun W. LIEB, Jr. Lewis B. STILLWELL 
C. О. MAILLOUX ELIHU THOMSON 


This revised report was adopted at the 19th Annual Convention at 
Great Barrington, Mass., on June 20, 1902, and appears in the Institute 
TRANSACTIONS, Vol. XIX, pages 1075 to 1092. 

In consequence of still further change and development in electri al 
apparatus and methods, it was decided in September, 1905, that a second 
revision was needed, and the following Committee was appointed to do 


this work. 
FRANCIS B. CROCKER, Chatrman. 


ARTHUR E. KENNELLY, Secretary. 


HENRY S. CARHART CHARLES Е. SCOTT 
JOHN W. ЕВ, JR. CHARLES P. STEINMETZ 
C. O. MAILLOUX HENRY G. STOTT 
Rospert B. OWENS S. W. STRATTON 
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This Committee held monthly meetings and carried on extensive corre- 
spondence with manufacturers, consulting and operating engineers and 
other interested parties, and as a result, presented its report at the 23d 
Annual Convention, held at Milwaukee, May 28-30, 1906. After con- 
siderable discussion the report was accepted and referred back to the 
Committee for amendment and rearrangement in form. It was then 
to be submitted to the Board of Directors for final adoption. In Septem- 
ber, 1906, the following Standardization Committee was appointed: 


FRANCIS B. CROCKER, Chairman. 
ARTHUR E. KENNELLY, Secretary. 


A. W. BERRESFORD CHARLES Е. SCOTT 
Послір C. JACKSON CHARLES P. STEINMETZ 
C. O. MAILLoux HENRY G. STOTT 
ROBERT B. OWENS S. W. STRATTON 


ELIHU THOMSON 


This Committee held monthly meetings, also sub-committee meetings, 
and carefully referred the rules as a whole, and each part of them, to 
. the members of the Institute. The rules were also entirely rearranged 
as to form, and put in shape to facilitate ready reference to them and 
enable future revisions to be made without breaking up the logical ar- 
rangement. Thus amended the rules were submitted to the Board of 
Directors and approved by it on June 21, 1907. Тһе Board also directed 
that the rules should be presented, as accepted by the Board, at the 
Annual Convention held at Niagara Falls, June 24 to 27, 1907, which ac- 
tion was taken by President Sheldon on June 26, 1907. By the Con- 
stitution which went into effect on June 10, 1907, this Committee has been 
made a standing Committee with the title “ Standards Committee,” con- 
sisting of nine members. 

On August 12, 1910, the Board of Directors increased the size of the 
committee from nine to twelve members; on October 14 from twelve to 
fourteen, and on March 10, 1911, from fourteen to sixteen. The com- 
mittee thus constituted is given below. 


COMFORT A. ADAMS, Chairman. 
ARTHUR E. KENNELLY, Secretary. 


H. W. Buck W. S. Moopy 

Gano DUNN R. A. PHILIP 

H. W. FISHER W. H. POWELL 

H. B. GEAR CHARLES ROBBINS 

J. P. JACKSON E. B. Rosa 

W. L. MERRILL CHARLES P. STEINMETZ 
RALPH D. MERSHON CALVERT TOWNLEY 


This committee and several sub-committees held numerous meetings 
at which the general revision of the Standardization Rules of the Institute 
was considered. The complete Standardization Rules, as revised by this 
committee, were presented to and approved by the Board of Directors on 
June 27, 1911, at the Annual Convention held at Chicago, IIl. 

During the following two years (1911-1913) the Standards Committee, 
somewhat modified and enlarged, undertook a radical revision of the 
Rules, particularly in connection with the important subject of Rating. 
In August 1913 the Committee was still further enlarged by the Board 
of Directors in order to permit of comprehensive sub-committees for the 
various parts of the work. The Committee thus constituted is given as 
follows: 
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А. E. KENNELLY, Chairman. 

Сомкокт A. ADAMS, Secretary. 
SUB-COMMITTEE No. 1. ON RATING. 

H. М. Новавт, Chairman. 


JAMES BURKE W. H. PowELL 

W. C. L. EGLIN CHARLES ROBBINS 

В. С. ГАММЕ С. F. Scott 

W. A. LAYMAN JAMES M. SMITH 

W. L. MERRILL CHARLES P. STEINMETZ 
W.S. Moopy J. FRANKLIN STEVENS 


PHILIP TORCHIO 
SUB-COMMITTEE No. 2. ON TELEGRAPH AND TELEPHONE 


STANDARDS. 
Е. B. JEwETT, Chairman. 
H. W. FISHER R. H. MARRIOTT 
Е. F. FowrE J. H. Morecrort 


J. M. SMITH 
SUB-COMMITTEE No. 3. ON RAILWAY STANDARDS. 
W. A. DEL Mak, Chairman. 


F. W. CARTER" WILLIAM MCCLELLAN 
Носн HAZELTON* HAROLD PENDER 

E. R. HILL* MARTIN SCHREIBER* 
H. M. HoBART N. W. STORER* 


SUB-COMMITTEE No. 4. ON NOMENCLATURE AND SYMBOLS. 
COMFORT A. ADAMS, Chairman. 


Louis BELL H. PENDER 
DUGALD C. JACKSON E. B. Rosa 
M. G. LLOYD A. S. MCALLISTER 


R. H. MARRIOTT 


SUB-COMMITTEE No. 5. ON WIRES AND CABLES. 
H. W. FISHER, Chairman. 
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W. A. DEL MAR C. E. SKINNER 
W. С. L. EGLIN S. W. STRATTON 


SUB-COMMITTEE NO. 6. ON RATING AND TESTING OF CON- 
TROL APPARATUS. 
L. T. ROBINSON, Chairman. 
Мовтом ARENDT C. H. SHARP 
R. A. CARLE P. H. THOMAS 
PHILIP TORCHIO 


Sub-committee No. 1 had representation from the National Electric Light Association 
(Messrs. L. L. Elden, G. L. Knight, J. E. Kearns, and E. P. Dillon), from the Association of 
Edison Illuminating Companies ( Mr. P. Torchio) and from the Electric Power Club (Messrs. 
James Burke and J. M. Smith). 

Sub-committee No.3, through Messrs. Schreiber and Del Mar, respectively, worked іп 
collaboration with the Committees of the American Electric Railway Engineering Asso- 
ciation, and the Association of Railway Electrical Engineers. 

*Sub-committee No. 3 was а joint subcommittee of the Standards Committee and of the 
Railway Committee. The members opposite whose names occurs an asterisk, represented 
the latter committee. 

The following members, although not appointed on the Standards Committee, have ma- 
terially contributed to its work and have attended its meetings: 

Carl J. Fechheimer, E. D. Priest, R. B. Williamson, K. A. Pauly, L. F. Blume, C. Renshaw, 
G. H. Hill, C. J. Hixson. 
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The radical revision begun in 1911 was completed by this Committee 
and approved by the Board of Directors at a special meeting held on 
July 10, 1914, subject to editorial revision by the Committee, and to go 
into force on Dec. 1, 1914. 

The Committee of 1914-1915 which carried out the editorial revision, 
found it impossible to complete the work satisfactorily by Dec. Ist. 
The edition of July Ist, 1915, approved by the Board of Directors at its 
meeting of June 30, 1915, thus represents substantially the completion 
and clarification of the previous radical revision, although it includes 
a number of important additions. This Committee was constituted as 
follows: 


A. E. KENNELLY, Chairman, Harvard University Cambridge, Mass. 
C. A. ADAMS, Secretary, Harvard University, Cambridge, Mass. 


JAMES BURKE, Erie, Pa. W. H. POWELL, Milwaukee, Wis. 
W. A. DEL MAR, New York, CHARLES ROBBINS, East Pittsburgh, Pa. 
H. W. FISHER, Perth Amboy, N. J. L. T. ROBINSON, Schenectady, N. Y. 
G. L. KNIGHT, Brooklyn, N. Y. E. B. ROSA, Washington, D. C. 
H. M. HOBART, Schenectady, N. Y. C. E. SKINNER, East Pittsburgh, Pa. 
В. В. JEWETT, New Yerk. J. M. SMITH, New York. 
P. JUNKERSFELD, Chicago, Ill. H. G. STOTT, New York. 
W. L. MERRILL, Schenectady, N. Y. P. H. THOMAS, New York. 
NOTE. 


The Standards Committce takes this occasion to draw the attention 
of the membership to the value of suggestions based upon experience gained 
in the application of the Rules to general practise. 

Any suggestions looking toward improvement in the Rules should be 
communicated to the Secretary of the Institute, for the guidance of the 
Standards Committee in the preparation of future editions. 
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PREFACE. 


In framing these rules, the chief purpose has been to 
define the terms and conditions which characterize the rating 
and behavior of electrical apparatus, with special reference to 
the conditions of acceptance tests. 

It has not been the purpose of the rules to standardize the 
dimensions or details of construction of any apparatus, lest the 
progress of design and production should be hampered. 
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DEFINITIONS 


Note. The following definitions are intended to be practically 
descriptive, rather than scientifically rigid. 


CURRENT, E.M.F. and POWER. 


10 


11 


12 


(The definitions of currents given below apply also, in most cases, 
to electromotive force, potential difference, magnetic flux, etc.) 


Direct Current. A unidirectional current. As ordinarily used, 
the term designates a practically non-pulsating current. 


Pulsating Current. A current which pulsates regularly in 
magnitude. As ordinarily employed, the term refers to unidirec- 
tional current. 


Continuous Current. A practically non-pulsating direct current. 


Alternating Current. А current which alternates regularly 
in direction. Unless distinctly otherwise specified, the term 
'" alternating current ” refers to a periodic current with successive 
half waves of the same shape and area. 


Oscillating Current. A periodic current whose frequency is 
determined by the constants of the circuit or circuits. 


Cycle. One complete set of positive and negative values of an 
alternating current. 


Electrical Degree. The 360th part of a cycle. 


Period. The time required for the current to pass through one 
cycle. 


Frequency. The number of cycles or periods per second. The 
product of 27 by the frequency is called the angular velocity of the 
current. 


Root-Mean-Square or Effective Value. The square root of 
the mean of the squares of the instantaneous values for one 
complete cycle. It is usually abbreviated r.m.s. Unless otherwise 
specified, the numerical value of an alternating current refers to 
its r.m.s. value. The r.m.s. value of a sinusoidal wave is equal to its 


maximum, or crest value, divided by V2. The word “virtual” 
is sometimes used in place of r.m.s., particularly in Great Britain. 


Wave-Form or Wave-Shape. The shape of the curve obtained 
when the instantaneous values of an alternating current are 
plotted against time in rectangular co-ordinates. The distance along 
the time axis corresponding to one complete cycle of values is taken 
as 27 radians, ог 360 degrees. Two alternating quantities are said 
to have the same wave-form when their ordinates of corresponding 
phase (see $ 13) bear a constant ratio to each other. The wave- 
shape, as thus understood, is therefore independent of the frequency 
of the current and of the scale to which the curve is represented. 

Simple Alternating or Sinusoidal Current. One whose wave- 
shape is sinusoidal. 

Alternating-current calculations are commonly based upon the as- 
sumption of sinusoidal currents and voltages. 
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Phase. The distance, usually in angular measure, of the base of 
any ordinate of an alternating wave from any chosen point on the 
time axis, is called the phase of this ordinate with respect to this point. 
In the case of a sinusoidal alternating quantity, the phase at any in- ` 
stant may be represented by the corresponding position of a line or 
vector revolving about a point with such an angular velocity (а) = 27T/), 
that its projection at each instant upon a convenient reference line 
is proportional to the value of the quantity at that instant. 


Non-Sinusoidal Quantities. Quantities that cannot be rep- 
resented by vectors of constant length in a plane. ‘The fol- 
lowing definitions of phase, active component, reactive component, 
etc., аге not in general applicable thereto. Certain “ equivalent ” 
values, as defined below, may, however, be used in many instances, 
for the purpose of approximate representation and calculation. 


Crest-Factor or Peak-Factor. Тһе ratio of the crest or 
maximum value to the r.m.s. value. The crest factor of a sine- 
wave is 4/2. 

Form Factor. The ratio of the r.m.s. to the algebraic mean 
ordinate taken over a half-cycle beginning with the zero value. If 
the wave passes through zero more than twice during a single cycle, 
that zero shall be taken which gives the largest algebraic mean for 
the succeeding half-cycle. Тһе form factor of a sine-wave'is 1.11. 


The Distortion Factor of a wave. Тһе ratio of the r.m s. value 
of the first derivative of the wave with respect to time, to the r.m.s. 
value of the first derivative of the equivalent sine wave. 


Equivalent Sine Wave. A sine wave which has the same 
frequency and the same r.m.s. value as the actual wave. 


Phase Difference: Lead and Lag. When corresponding cyclic 
values of two sinusoidal alternating quantities of the same fre- 
quency occur at different instants, the two quantities are said to 
differ in phase by the angle between their nearest corresponding 
values; e.g., the phase angle between their nearest ascending zeros or 
between their nearest positive maxima. That quantity whose 
maximum value occurs first in time is said to lead the other, and 
the latter is said tolag behind the former. t 


Counter-Clockwise Convention. It is recommended that 
in any vector diagram, the leading vector be drawn counter- 
clockwise with respect to the lagging vector, f as in the 
accompanying diagram, where OI represents the vector of 
a current in a simple alternating-current circuit, lagging 
behind the vector OE of impressed e.m f. 0 
The Active or In-Phase Component of the current in a 
circuit is that component which is in phase with the voltage across 
the circuit; similarly the active component of the voltage across a 
circuit is that component which is in phase with the current. The 
use of the term energy component for this quantity 15 disapproved. 
®Note: Definitions 19, 20, 21,22,23, 24,25 refer strictly only to cases where the 


voltage and current are both sinusoidal (see $11 and 12). 
tSee Publication 12 of the International Electrotechnical Commission (Report of 


Turin Meeting, Sept. 1911, p. 78). 
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Reactive or Quadrature Component of the current in a cir- 
cuit. That component which is in quadrature with the volt- 
age across the circuit; similarly, the reactive component of the 
voltage across the circuit 15 that component which is in quadrature 
with the current. The use of the term wattless component for this 
quantity is disapproved. 

Reactive Factor. The sine of the angular phase difference 
between voltage and current; г. e..the ratio of the reactive current or 
voltage to the total current or voltage. 


Reactive Volt-Amperes. The product of the reactive component 
of the voltage by the total current, or of the reactive component 
of the current by the total voltage. 

Non-Inductive Load and Inductive Load. A non-inductive load is a 
load in which the current is in phase with the voltage across the load. 
An inductive load is a load in which the current lags behind the 
voltage across the load. А condensive or antt-tnductive load is one 
in which the current leads the voltage across the load. 


Power in an Alternating-Current Circuit. The average value 
of the products of the coincident instantaneous values of 
the current and voltage for a complete cycle, as indicated by 
a wattmeter. 

Volt-Amperes or Apparent Power. Тһе product of the 
r.m.s. value of the voltage across a circuit by ther.m.s. value of the 
current in the circuit. This is ordinarily expressed in kv-a. 


Power Factor. The ratio of the power (cyclic average as 
defined in §26) to the volt-amperes. In the case of sinusoidal cur- 
rent and voltage, the power factor is equal to the cosine of their differ- 
ence in phase. 

Equivalent Phase Difference. When the current and e.m.f. 
in a given circuit are non-sinusoidal, it is customary, for pur- 
poses of calculation, to take asthe “ equivalent ” phase difference, 
the angle whose cosine is the power factor (see $28) of the circuit. 
There are cases, however, where this equivalent phase difference is 
misleading, since the presence of harmonics in the voltage wave, cur- 
rent wave, or in both, may reduce the power factor without producing 
a corresponding displacement of the two wave forms with respect to 
each other; e.g., the case of an a-c. arc. In such cases, the com- 
ponents of the equivalent sine waves, the equivalent reactive factor 
and the equivalent reactive volt-amperes may have no physical sig- 
nificance. 


Single-Phase. A term characterizing a circuit energized by a 
single alternating e.m.f. Such a circuit is usually supplied through 
two wires. The currents in these two wires, counted positively out- 
wards from the source, differ in phase by 180 degrees or a half-cycle. 


Three-Phase. A term characterizing the combination of three 
circuits energized by alternating e.m.f.'s. which differ in phase Бу 
one-third of a cycle; t.e., 120 degrees. 


* Мое: Definitions 19, 20, 21, 22, 23, 24, 25 refer strictly only to cases where the 
voltage and current are both sinusoidal (see $11 and 12). 
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Quarter-Phase, also called Two-Phase. А term charac- 
terizing the combination of two circuits energized by alternating 
e.m.f's. which differ in phase by a quarter of a cycle; $.e., 90 degrees. 


Six-Phase. A term characterizing the combination of six cir- 
cuits energized by alternating e.m.f's. which differ in phase by one 
sixth of a cycle; 4.e., 60 degrees. 


Polyphase. A general term applied to any system of more 
than a single phase. This term is ordinarily applied to symmetrical 
systems. 

Cent Drop. 

In electrical machinery, the ratio of the internal resistance drop to 
the terminal voltage, expressed in per cent, is called the “ per cent 
resistance drop.” 


Similarly the ratio of the internal reactance drop to the terminal 
voltage, expressed in per cent, is called the “ per cent reactance drop." 


Similarly the ratio of the internal impedance drop to the terminal 
voltage, expressed in per cent, is called the '' per cent impedance drop.” 

Unless otherwise specified, these per cent drops shall be referred to 
rated load and rated power factor. 


In the case of transformers, the per cent drop will be the sum of 
the primary drop (reduced to secondary turns) and the secondary 
drop, in per cent of secondary terminal voltage. 


In the case of induction motors, it is advantageous to express the 
drops in per cent of the internally induced e.m f. 


The Load Factor of a machine, plant or system. ‘The ratio 
of the average power to the maximum power during a certain period 
of time. The average power is taken over a certain period of time, 
such as a day, a month, or a year, and the maximum is taken as the 
average over a short interval of the maximum load within that period. 

In each case, the interval of maximum load and the period over 
which the average is taken should be definitely specified, such 
as а "half-hour monthly” load-factor. The proper interval and 
period are usually dependent upon local conditions and upon the 
purpose for which the load factor is to be used. 


Plant Factor. The ratio of the average load to the rated capacity 
of the power plant, $.е., to the aggregate ratings of the generators. 


The Demand of an installation or system. The load which 
it puts on the source of supply, as measured at the receiving 
terminals. The demand may be as specified, contracted for, or used. 
It may be expressed either in kilowatts, kilovolt-amperes, amperes or 
other suitable units. 


The Maximum Demand of an installation or system. Its greatest 
demand, as measured not instantaneously but averaged over a suit- 
able and specified interval,such asa ''five-minute maximum demand." 


Demand Factor. The ratio of the maximum demand of 
any system or part of a system, to the total connected load of the 
system, or of the part of system, under consideration. 
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Diversity Factor. The ratio of the sum of the maximum 
power demands of the subdivisions of any system or parts of a system 
to the maximum demand of the whole system or of the part of the sys- 
tem under consideration, measured at the point of supply. 


Connected Load. The combined continuous rating of all the re- 


 ceiving apparatus on consumers’ premises, connected to the system 


or part of the system under consideration. 


The Saturation Factor of a machine. The ratio of a small 
percentage increase in field excitation to the corresponding 
percentage increase in voltage thereby produced. Unless other- 
wise specified, the saturation factor of a machine refers to the 
no-load excitation required at normal rated speed and voltage. It is 
determined from measurements of saturation made on open circuit at 
rated speed. | 


The Percentage Saturation of a machine at any excitation 
may be found from its saturation curve of generated voltage 
as ordinates, against excitation as abscissas, by drawing a tangent to 
the curve at the ordinate corresponding to the assigned excitation, 
and extending the tangent to intercept the axis of ordinates drawn 
through the origin. The ratio of the intercept on this axis to the ordi- 
nate at the assigned excitation, when expressed in percentage, is the 
percentage of saturation and is independent of the scales selected for 
excitation and voltage. This ratio, as a fraction, 1s equal to the 
reciprocal of the saturation-factor at the same excitation, deducted 
from unity; ог. И f be the saturation factor and f the percentage of 


saturation, 1 
p = 100 (: 1} 
f 


Magnetic Degree. The 360th part of the angle subtended, at the 
axis of a machine, by a pair of its field poles. One mechanical 
degree is thus equal to as many magnetic degrees as there are pairs 
of poles in the machine. | 


The Variation in Prime Movers which do not give an ab- 
solutely uniform rate of rotation or speed, as in reciprocating steam 
engines, is the maximum angular displacement in position of the re- 
volving member expressed in degrees, from the position it would 
occupy with uniform rotation, and with one revolution taken as 360 
degrees. 


The Variation in Alternators or alternating-current circuits 
in general, is the maximum angular displacement, expressed in 
electrical degrees, (one cycle = 360 deg.) of corresponding ordinates 
of the voltage wave and of a wave of absolutely constant frequency 
equal to the average frequency of the alternator or circuit in ques- 
tion, and may be due to the variation of the prime mover. 


Relations of Variations in Prime Mover and Alternator. If p is the 
number of pairs of poles, the variation of an alternator is p times the 
variation of its prime mover, if direct-connected, and ps times the 
variation of the prime mover if rigidly connected thereto in such a 
manner that the angular speed of the alternator is n times that of the 
prime mover. 
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The Pulsation in Prime Movers, or in the alternator con- 
nected thereto. The ratio of the difference between the maximum 
and minimum velocities in an engine-cycle to the average velocity. 

Capacity. The two different senses in which this word is used 
sometimes lead to ambiguity. It is therefore recommended that 
whenever such ambiguity is likely to arise, the descriptive term power 
capacity or current capacity be used, when referring to the power or 
current which a device can safely carry, and that the term '' Capacit- 
ance '' be used when referring to the electrostatic capacity of a device. 

Resistor. A dcvice, heretofore commonly known as a resistance, 
used for the operation, protection, or control of a circuit or circuits. 
See $ 740. 

Reactor. А coil, winding or conductor, heretofore commonly 
known as a reactance coil or choke coil, possessing inductance, 
the reactance of which is used for the operation, protection or con- 
trol of a circuit or circuits. See also $214 and 736. 

Efficiency. The efficiency of an electrical machine or apparatus 
is the ratio of its useful output to its total input. | 


TABLE I. 
Symbols and Abbreviations. 
Symbol for Abbreviation 
Name of Quantity. the Quantity. Unit. for the Unit. 
Electromotive force, abbre- 
viated e.m.f............ E,e volt 
Potential difference, abbre- 
viated p.d............. У ә ог E, е А? 
Voltapé oc obo edes E,eor V,v di 
Current o odor A ER SS Ii ampere 
Quantity of electricity..... 0, 4 | coulomb, | 
ampere-hour 
POW oi vv tate dues ; P, p watt 
Electrostatic flux.......... ү Т” ан 
Electrostatic flux density.. D bales ee 
Electrostatic field intensity F 
Magnetic flux............ Ф. o maxwell* ATE 
Magnetic flux density..... В, @ gauss’ — 
gilbert per gilbert per 
Magnetic field intensity.... H, ЈС centimeter Сїй. 
or gaussf 
Magnetomotive force, ab- | gilbert * 
breviated m.m.f......... 9 
Intensity of magnetization. J 
Susceptibility........... K=J/H 
Permeability............. A = В/Н 


* An additional unit for m m.f. is the ' регеа”, for flux the “line ”, for mag- 
netic flux-density '' maxwells per sq. іп." 

t The gauss is provisionally accepted (os the present as the name of both the unit of 
feld intensity and flux density, on the assumption that permeability is & simple numeric, 
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Resistance.............. ; R, r ohm 
Reactance.............. . xX, z А 
Ппредйапсе............... Z, 2 "m ; 
Conductance............. £ mho 
Susceptance.............. b i 
Admittance.............. Y, y “ paas 
Resistivity......... re p f * ohm-centi- | ohm-cm 

| meter 
Conductivity............. Y | *mho per cen- | mho рег 
timeter cm. 
Dielectric constant........ € or k ° 
Reluctance............... R к ү 
Capacitance (Electrostatic 
_ a Í bed see Nd. C farad 
Inductance (or coetficient 
of self induction)........ | L henry 
Mutual Inductance (or co- | 
efficient of mutualinduction) ( henry ides 
Phase displacement... ... 0, p l degree pr : 
radian 
Frequency............. : f cycle per second ша 
Angular velocity......... i о) ieee р a 
Velocity of rotation....... n revolution кыре 
per second sec. 
Number of conductors or N convolution 
turns................. or turns of wire 
Temperature............. T, t, 0 degree centi- ° C 
grade 
Energy,in general........ Uor W joule, watt-hour 
Mechanical work.......... И ог А joule, watt-hour ЕТІ 
ЕШСЕПеу saei eei usa 7 per cent .... 
Шей c y dep ее УЗ i centimeter cm. 
MÁSS ыы Ака қата dus т gram g. 
Те EEEN раен t second sec. 
J centimeter cm. 
Acceleration due to gravity £ | per second per sec. 
| per second per sec. 
Standardacceleration dueto centimeter cm .per 
gravity (at about 45 deg. £o per second sec. 
latitudeand sea level) equals per second per sec. | 


930.060 Tica kts coded 


*Note. The numencal values of these quantities are ohms resistance and mhos con- 
ductance between two opposite faces of acm. cube of the material in question, but the 
correct rames are as given, not ohms and mhos per cm. cube, as commonly stated. 

tThis has been the accepted standard value for many years and was formeriy con- 
sidered to correspond accurately to 46° Latitude and sea level. Later researches, 
however, have shown that the most reliable value for 45° and sea-level is slightly 
different; but this does not affect the standard value given above. 
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Em, [т and Pm» should be used for maximum cyclic values, e, $ and 
p for instantaneous values, E and J for r.m.s. values (see $10) and 
P for the average value of the power, or the active power. These 
distinctions are not necessary in dealing with continuous-current 
circuits. In print, vector quantities should be represented by bold- 
face capitals. 


CLASSIFICATION OF MACHINERY. 


The machinery under consideration in these rules may be classified 
in various ways, these various classifications overlapping or inter- 
locking in considerable degree. Briefly, they are Direct-Current 
or Alternating-Current, Rotating or Stationary. Under Rotating 
Apparatus there are two principal classifications: First, according 
to the function of the machines; Motors, Generators, Boosters, 
Motor-Generators, Dynamotors, Double-Current Generators, Con- 
verters and Phase Modifiers; Second, according to the type of 
construction or principle of operation; Commutating, Synchronous, 
Induction, Unipolar, Rectifving. Obviously, some of these machines 
could be rationally included in either classification, e.g., Motor-Gener- 
ators and Rectifying Machines. 

In the following, self-evident definitions have for the most part, 
been omitted. 


ROTATING MACHINES. 
FUNCTIONAL CLASSIFICATION OF ROTATING MACHINES. 


Generator. А machine which transforms mechanical power into 
electrical power. 


Motor. <A machine which transforms electrical power into 
mechanical power. 


Booster. <A generator inserted in series in a circuit to change 
its voltage. It may be driven by an electric motor (in which case 
it is termed a motor-booster) or otherwise. 


Motor-Generator Set. А transforming device consisting of a 
motor mechanically coupled to one or more generators. 


Dynamotor. А transforming device combining both motor 
and generator action in one magnetic field, either with two armatures, 
or with one armature having two separate windings and independent 
commutators. i 


A Direct-Current Compensator or Balancer comprises two or 
more similar direct-current machines (usually with shunt or 
compound excitation) directly coupled to each other and connected in 
series across the outer conductors of a multiple-wire system of dis- 
tribution, for the purpose of maintaining the potentials of the in- 
termediate wires of the system, which are connected to the junction 
points between the machines. 

A Double-Current Generator supplies both direct and alternating 
currents from the same armature-winding. 

A Converter is a machine employing mechanical rotation in 
changing electrical energy from one form into another. There 
are several types of converters as follow: 


+ 
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109 A Direct-Current Converter converts from а direct 
current to a direct current, usually with a change of volt- 
age. Sucha machine may be either a motor-generator set or a 
dynamotor. 

110 A Synchronous Converter (sometimes called a Rotary Con- 
verter) converts from an alternating to a direct current, 
or vice-versa. [t is a synchronous machine with a single 
closed-coil armature winding, a commutator and slip rings. 

111 A Cascade Converter, also called a Motor Converter, 
is a combination of an induction motor with a synchron- 
ous converter, the secondary circuit of the former feeding 
directly into the armature of the latter; i.e., it is a synchronous 
converter concatenated with an induction motor. 


112 A Frequency Converter converts the power of an alter- 
nating-current system from one frequency to another, with 
or without a change in the number of phases, or in the voltage. 


113 A Rotary Phase-Converter converts from ап alter- 
nating-current system of опе or more phases to an alter- 
nating-current system of a different number of phases, but 
of the same frequency. 


114 A Phase-Modifier, also called а Phase- Advancer, is а machine which 
supplies reactive volt-amperes; e.g. to an induction motor, or to the 
system to which it is connected. Phase modifiers may be either 
synchronous or asynchronous. 

116 A Synchronous Phase-Modifier, sometimes called a Syn- 
chronous Condenser, is a synchronous motor, running 
either idle or with load, the field excitation of which may be 
varied so as to modify the power-factor of the svstem, 
or through such modification to influence the load voltage. 
The function of a Synchronous Phase-Modifier is to supply 
reactive volt-amperes to the system with which it is connected. 


CONSTRUCTIONAL CLASSIFICATION OF ROTATING MACHINES 


Commutating Machines 


130 Direct-Current Commutating Machines comprise a mag- 
netic field of constant polarity, an armature, and a com- 
mutator connected therewith. These include: Direct-Current 
Generators; Direct-Current Motors; Direct-Current Boosters; 
Direct-Current Motor-Generator Sets and Dynamotors; Di- 
rect-Current Compensators or Balancers; and Arc Machines. 


131 Alternating-Current Commutating Machines* comprise a 
magnetic field of alternating polarity, an armature, and com- 
mutator connected therewith. 


* Definitions of a-c. commutator-motors have not yet been agreed upon. The differ- 
ences of opinion are fundamental and relate to the whole system to be employed 
in naming the numerous types. One example of this difference is in connection with 
the definition of the term “ Repulsion- Motor'', some desiring to extend its use to cover 
al a.c. commutator motors with short-circuited brushes, and others to substitute 
more systematic names for the various species of snort-circuited brush motors. 
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132 Synchronous Commutating Machines include synchronous 
converters, cascade-converters, and double-current generators. 


188 Synchronous Machines Comprise a constant magnetic field 
and an armature receiving or delivering alternating-currents in 
synchronism with the motion of the machine; t.e., having a frequency 
strictly proportional to the speed of the machine. They may be 
sub-divided as follow: 


134 An Alternator is a synchronous alternating-current genera- 
tor, either single-phase or polvphase. | 

135 A Polyphase Alternator is a poly phase synchronous alterna- 
ting-current generator, as distinguished from a singlephase 
alternator. | 

136 An Inductor Alternator is ап Alternator in which 


both field and armature windings are stationary, and in 
which masses of iron or inductors, by moving past the coils, 
alter the magnetic flux through them. It may be either 
singlephase or poly phase. 

137 A Synchronous Motor is a machine structurally identical 
with an alternator, but operated as a motor. 


138 Induction Machines include apparatus wherein primary and 
secondary windings rotate with respect to each other; 4.6., in- 
duction motors, induction generators, certain types of frequency 
converters and certain types of rotary phase-converters. 


139 An Induction Motor is an alternating-current motor, either 
singlephase or polyphase, comprising independent primary and 
secondary windings, one of which, usually the secondary, is 
on the rotating member. The secondary winding receives 
power from the primary by electromagnetic induction. 

140 An Induction Generator is a machine structurally identical] 
with an induction motor, but driven above synchronous speed 
as an alternating-current generator. 

141 Unipolar or Acyclic Machines аге direct-current machines, іп 

which the voltage generated in the active conductors maintains 
the same direction with respect to those conductors. 


SPEED CLASSIFICATION OF MOTORS. 


150 Motors may, for convenience, be classified with reference to their 

speed characteristics as follow: 

151 Constant-Speed Motors, whose speed is either constant 
or does not materially vary; such as synchronous motors, in- 
duction motors with small slip, and ordinary direct-current 
shunt motors. 

152 Multispeed Motors two-speed, three-speed. etc.), which 
can be operated at any one of several distinct speeds, these 
speeds being practically independent of the load; such as 
motors with two armature windings, or induction motors in 
which the number of poles is changed by external means. 
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Adjustable-Speed Motors, in which the speed can be varied 
gradually over a considerable range, but when once adjusted 
remains practically unaffected by the load, such as shunt 
motors designed for a considerable range of speed variation. 


Varying-Speed Motors, or motors in which the speed 
varies with the load, ordinarily decreasing when the load 
increases; such as serics motors, compound-wound motors, 
and series-shunt motors. As a sub-class of varying-speed 
motors, may be cited, adjustable varying-speed motors, or 
motors in which the speed can be varied over a considerable 
range at any given load, but when once adjusted, varies with 
the load; such as compound-wound motors arranged for 
adjustment of speed by varying the strength of the shunt field. 


CLASSIFICATION OF ROTATING MACHINES RELATIVE 


TO THE DEGREE OF ENCLOSURE OR PROTECTION 


The following types are recognized: 
Open 
Protected 
semi-enclosed 
Enclosed 
Separately ventilated 
Water-cooled 
Self-ventilated 
Drip-proof 
Moisture-resisting 
Submersible 
Explosion- proof 
Explosion-proof slip-ring enclosure 
An “open” machine is of either the pedestal-bearing or end- 
bracket type where there is no restriction to ventilation, other 
than that necessitated by good mechanical construction. 


A “protected” machine is one in which the armature, field 
coils, and other live parts are protected mechanically from acci- 
dental or careless contact, while free ventilation is not materially 
obstructed. 

А “semi-enclosed’? machine 15 one in which the ventilating 
openings in the frame are protected with wire screen, expanded metal, 
or other suitable perforated covers, having apertures not exceeding 
4 of a square inch (3.2 sq. cm.) in area. 

An “enclosed” machine is so completely enclosed by in- 
tegral or auxiliary covers as to prevent a circulation of air between 
the inside and outside of its case, but not sufficiently to be 
termed air-tight. 

A “separately ventilated " machine has its ventilating air sup- 
plied by an independent fan or blower external to the machine. 


A “ water-cooled’? machine is one which mainly depends on wate 
circulation for the removal of its heat. 
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A '' self-ventilated " machine differs from a separately ventilated 
machine only in having its ventilating air circulated by a fan, 
blower, or centrifugal device integral with the machine. 

If the heated air expelled from the machine is conveyed away 
through a pipe attached to the machine, this should be so stated. 


A *''drip-proof " machine is one so protected as to exclude 
falling moisture or dirt. А “drip proof” machine may be either 
“open” or “‘semi-enclosed”’, if it is provided with suitable protection 
integral with the machine, or so enclosed as to exclude effectively 
falling solid or liquid material. 

A moisture-resisting machine is one in which all parts are 
treated with moisture-resisting material. Such a machine shall 
be capable of operating continuously or intermittently in a very 
humid atmosphere, such as in mines, evaporating rooms, etc. 


A ‘submersible " machine is a machine capable of withstanding 
complete submersion, in fresh water or sea water, as may be speci- 
fied, for four hours without injury. 


An ''explosion-proof!" machine is a machine in which the en- 
closing case can withstand, without injury, any explosion of gas that 
may occur within it, and will not transmit the flame to any 
inflammable gas outside it. 


An induction motor in which the slip rings and brushes 
alone are included within an explosion-proof case should not be des- 
cribed as ап explosion-proof machine, but as a machine ''with 
explosion-proof slip-ring enclosure.” 


STATIONARY INDUCTION APPARATUS 


Stationary Induction Ápparatus changes electric energy to electric 
energy, through the medium of magnetic energy, without mechanical 
motion. It comprises several forms, distinguished as follow: 


Transformers, in which the primary and secondary windings are 
ordinarily insulated one from another. 


The terms '*high-voltage" and “low-voltage” are used to dis- 
tinguish the winding having the greater from that having the 
lesser number of turns. The terms * primary " and ‘ sec- 
ondary ” serve to distinguish the windings in regard to energy 
flow, the primary being that which receives the energy from the 
supply circuit, and the secondary that which receives the en- 
ergy by induction from the primary. 

The rated current of a constant-potential transformer is 
that secondary current which, multiplied by the rated-load 
secondary voltage, gives the kv.a. rated output.  Thatis, 
a transformer of given kv-a. rating must be capable of de- 
livering the rated output at rated secondary voltage, while 
the primarv impressed voltage is increased to whatever value 
is necessary to give rated secondary voltage. 

The Rated Primary Voltage of a constant-potential trans- 
former is the rated secondary voltage multiplied by the turn 
ratio. 
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The ratio of a transformer, unless otherwise specified, shal 
be the ratio of the number of turns іп the high-v6ltage wind- 
ing to that in the low-voltage winding; 4.e., the '' turn-ratio."' 


The voltage ratio of a transformer is the ratio of the r.m.s. 
primary terminal voltage to the r.m.s. secondary terminal 
voltage, under specified conditions of load. 


The “ current ratio of a current-transformer is the ratio of 
r.m.s. primary current to r.m.s. secondary current, under speci- 
fied conditions of load. 


The “ marked ratio ” of an instrument transformer is the 
ratio which the apparatus is designed to give under aver- 
age conditions of use. When a precise ratio 1s required, it 
is necessary to specify the voltage, frequency, load and power 
factor of the load. 


Volt-Ampere Ratio of Transformers. 

The volt-ampere ratio, which should not be confused with 
real efficiency, is the ratio of the volt-ampere output to the 
volt-ampere input of a transformer, at any given power factor. 


Auto-transformers have a part of their turns common to both pri- 
mary and secondary circuits. 


Voltage Regulators have turns in shunt and turns in series with the 
circuit, so arranged that the voltage ratio of the transformation 
or the phase relation between the circuit-voltages is variable at will. 
They are of the following three classes: 

Contact Voltage Regulators, in which the number of turns 
in one or both of the coils is adiustable. 

Induction Voltage Regulators,in which the relative positions 
of the primary and secondary coils are adjustable. 

Magneto Voltage Regulators,in which the direction of the 
magnetic flux with respect to the coils is adjustable. 

Reactors, heretofore commonly called Reactance-Coils, also called 
Choke Coils; a form of stationary induction apparatus used to supply 
reactance or to produce phase displacement. See also $82 and 736. 


INSTRUMENTS 


An Ammeter is an instrument for measuring current, indicating 
in amperes. 


A Voltmeter is an instrument for measuring difference of potential. 
indicating in volts. 


A Crest Voltage Meter is a voltmeter designed to indicate either 
the crest; $.е., the maximum value, of an alternating voltage, or the 
r.m.s. value of the sinusoidal voltage having the same crest value. 

A Wattmeter is an instrument for measuring electrical power, in- 
dicating in watts. 

Recording Ammeters, Voltmeters, Wattmeters, etc., are instru- 
ments which record graphically upon a time-chart the values of the 
quantities they measure. 
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A Watt-hour Meter is an instrument for registering watt-hours. 
This tesm is to be preferred to the term “integrating wattmeter.” 

A Line-Drop Voltmeter Compensator is a device used in connection 
with a voltmeter, which causes the latter to indicate the voltage 
at some distant point of the circuit. 

A Synchroscope, sometimes called a Synchronism Indicator, 
is а device which, in addition to indicating synchronism, shows 
whether the incoming machine is fast or slow. 
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STANDARDS FOR ELECTRICAL MACHINERY 
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The expressions “ machinery " and “ machines " are here employed 
іп а general sense, in order to obviate the constant repetition of the words 
“ machinery or induction apparatus.” 

All temperatures are to be understood as centigrade. 


4 


The expression “' capacity ' is to be understood as indicating “' capa- 
bility ", except where specifically qualified as, for instance, in the case 
of allusions to electrostatic сарасиу, t. e., capacitance. 

Wherever special rules are given for any particular type of machinery 
or apparatus (such as switches, railway motors, railway substation 
machinery, etc., these special rules shall be followed, notwithstanding 
апу apparent conflict with the provisions of the more general sections. 
In the absence of special rules on any particular point, the general 
rules on this point shall be followed. 


Objects of Standardization. To ensure satisfactory results, 
electrical machinery should be specified to conform to the Institute 
Standardization Rules, 1n order that it shall comply, in operation, 
with approved limitations in the following respects, so far as they 
are applicable. 

Operating temperature 
Mechanical strength 
Commutation 
Dielectric strength 
Insulation resistance 
Efficiency 

Power factor 

Wave shape 
Regulation 

Capacity or Available Output of an Electrical Machine. So far 
as relates to the purposes of these Standardization Rules, the 
Institute defines the Capacity of an Electrical Machine as the load 
which it is capable of carrying for a specified time (or continuously), 
without exceeding in any respect the limitations herein set forth. 

Except where otherwise specified, the capacity of an electrical 
machine shall be expressed in terms of its available output. For 
exceptions see §277 and 802. 


Rating of an Electrical Machine. Capacity should be distin- 
guished from Rating. The Rating of a machine is the output marked 
on the Rating Plate, and shall be based on, but shall not exceed, 
the maximum* load which can be taken from the machine under pre- 
scribed conditions of test. This is also called the rated output. 


*The term “ maximum load " does not refer to loads applied solely for mechanical, 
commutation, or similar tests. 
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263 Тһе Principle upon which Machine Ratings are based, so far as 
relates to thermal characteristics, is that the rated load, applied 
continuously or for a stated period, shall produce a tempcrature 
rise which, superimposed upon a standard ambient temperature, 
will not exceed the maximum safe operating temperature of the 
insulation. 


264 А. Г.Е. E. and Г.Е. C. Ratings. When the prescribed conditions 
of test are those of the A. I. E. Е. Standardization Rules, the rating 
of the machine is the Institute Rating. (See §620). When the 
prescribed conditions of the test are those of the I. E. C.t Rules, 
the rating of the machine is the I. E. C. rating. A machine so rated 
in either case may bear a distinctive sign upon its rating plate. 


265 Standard Temperature amd Barometric Pressure for Institute Ra- 
ting. The Institute Rating of a machine shall be its capacity when 
operating with a cooling medium of the ambient temperature of 
reference (40° for air or 25° for water, sce $305 and 309) and with 
barometric conditions within the range given іп $308. See $820. 


266 The Temperatures Rises Specified in these Rules apply to all 
ambient temperatures up to and including 40°C. 


267 Any Machinery Destined for Use with Higher Ambient tempera- 
tures or cooling mediums, and also any machinery for operation 
at altitudes for which no provision is made in 8308, should be 
the subject of special guarantee by the manufacturer. The methods 
of test and performance set forth in these Rules will, however, 
afford guidance in such cases. 


UNITSIN WHICH RATING SHALL BE EXPRESSED 


274 The rating of Direct-Current Generators, shall be expressed in 
kilowatts (kw.) available at the terminals. 


275 Тһе rating of Alternators and Transformers, shall be expressed 
in kilovolt-amperes (kv-a.) available at the terminals, at a specified 
power factor. The corresponding kilowatts should also preferably 
be stated. ` 


276 It is strongly recommended that the rating of motors shall 
be expressed in kilowatts* (kw.) available at the shaft. (An ех- 


tl. E. C. stands for “International Electrotechnical Commission.” This rating has 
uot yet been established. 

*Since the input of machinery of this class is measured in electrical units and since 
the output has a definite relation to the input, it 1s logical and desirable to measure 
the delivered power in the same units as are employed for the received power. There- 
fore, the output of motors should be expressed in kilowatts instead of in horse power. 
However, on account of the hitherto prevailing practice of expressing mechanical 
output in horse power, it is recommended that for machinery of this class the rating 
should, for the present, be expressed both in kilowatts and in horse power; as follows: 

kw.—— approx. equiv. h.p. 

The horse power rating of a motor may Íor practical purposes, be taken as 4/3 of 
the kilowat ` rating. 

In order to lay stress upon the preferred future basis, it is desirable that on Rating 
Plates, the Rating in kilowatts shall be shown in larger and more prominent charac- 
ters than the rating in horse power, 
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ception to this rule is made in the case of Railway motors, which, 
for some purposes, are also rated by their input, see §802.) 


Auxiliary machinery, such as regulators, resistors, reactors, 
balancer sets, stationary and synchronous condensers, etc., shall 
have their ratings appropriately expressed. It is essential to 
specify also the voltage (and frequency, if a-c.,), of the circuits on 
which the machinery may appropriately be used. 


KINDS OF RATING 


There are various kinds of rating such as: 


Continuous Rating. A machine rated for continuous service; 
shall be able to operate continuously at its rated output, without ex- 
ceeding any of the limitations referred to in §260. 


Short-Time Rating. A machine rated for short-time service; 
(t.e. service including runs alternating with stoppages of sufficient 
duration to ensure substantial cooling), shall be able to operate at its 
rated output during a limited period, to be specified in each case, 
without exceeding any of the limitations referred to in 5260. Such 
a rating is a short-time rating. 


Nominal Ratings. For railway motors, and sometimes for railway- 


substation machinery, certain nominal ratings are employed. 
See 800 and $765. 


Duty-Cycle Operation. Many machines are operated on a cycle of 
duty which repeats itself with more or less regularity. For pur- 
poses of rating, either a continuous or a short-time equivalent 
load, may be selected, which shall simulate as nearly as possible 
the thermal conditions of the actual duty cycle. 


Standard durations of equivalent tests shall be for machines 
operating under specified duty-cycles as follow: 


5 minutes 
10 ë 
30 е 
60 * 
120 ш 


and continuous. 

Of these the first five are short-time ratings, selected as being ther- 
mally equivalent to the specified duty cycle. 

When, for example, a short-time rating of 10 minutes duration 
is adopted, and the thermally equivalent load is 25 kw. for that 
period, then such a machine shall be stated to have a 10-minute 
rating of 25 kw. 


In every case the equivalent short-time test shall commence 
only when the windings and other parts of the machine are within 
6°C of the ambient temperature at the time of starting the test. 


In the absence of any specification as to the kind of rating, the 
continuous rating shall be understood.* 
*An exception is made in the case of motors for railway service, where in the ab- 


sence of of any specification as to the kind of rating, the “ nominal rating" as 
defined іп $819 and 418 shall be understood. 
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Machines marked in accordance with §264 shall be understood to 
have a continuous rating, unless otherwise marked in accordance with 


$285. 
HEATING AND TEMPERATURE 


Temperature Limitations of the Capacity of Electrical Machinery. 
The capacity, so far as relates to temperature, is usually limited by 
the maximum temperature at which the materials inthe machine, espec- 
ially those employed for insulation, may be operated for long periods 
without deterioration. When the safe limits are exceeded, deteriora- 
tion is rapid. The insulating material becomes permanently damaged 
by excessive temperature, the damage increasing with the length 
of time that the excessive temperature is maintained, and with 
the amount of excess temperature, until finally the insulation breaks 
down. 


а 


The result of operating at temperatures in excess of the safe limit 
is to shorten the life of the insulating material. This shortening 
of life is, in certain special cases, warranted, when necessary for 
obtaining some other desirable result, as, for example, in some in- 
stances of railway and other motors for propelling vehicles, 
in providing greater power withina limited space. See §804. Further 
instances may also be noted in the cases of contactors, controllers, 
induction-starters, arc-lamp-magnet windings, etc., designed and con- 
structed for operation at relatively high temperatures. 


There `'?'& not appear to be any advantage in operating at lower 
temperatu. 4s than the safe limits, so far as the life of the insulation 
is concerned. Insulation may break down from various causes, 
and when these breakdowns occur, it is not usually due to the 
temperature at which the insulation has been operated, provided 
the safe limits have not been exceeded. | 


The Ambient Temperature is the temperature of the fluid 
or fluids which, coming into contact with the heated parts of 
a machine, carries off its heat convectively. 


The cooling fluid may either be led to the machine through ducts, 
or through pipes, or merely surround the machine freely. In the 
former case the ambient temperature 1s to be measured at the intake 
of the machine itself. In the latter case see §314. 


Ambient Temperature of Reference for Air. The standard 
ambient temperature of reference, when the cooling medium is air, 
shall be 40°C. | 


The permissible rises in temperature given in column 2 of 
table III in 5876 have been calculated on the basis of the standard 
ambient temperature of reference, by subtracting 40? from the 
highest temperatures permissible, which are given in column 1 of 
the same table. 


A machine may be tested at any convenient ambient temper- 
ature, but whatever be the value of this ambient temperature, the 
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permissible rises of temperature must not exceed those given in 
column 2 of the table in 8376. 


Altitude. Increased altitude has the effect of increasing the tem- 
perature rise of some types of machinery. In the absence of in- 
formation in regard to the height above sea level at which the machine 
is intended to work in ordinary service, this height is assumed not 
to exceed 1000 meters (3300 feet.) For machinery operating at an 
altitude of 1000 meters or less, a test at any altitude less than 1000 
meters is satisfactory, and no correction shall be applied to the ob- 
served temperatures. Machines intended for operation at higher 
altitudes shall be regarded as special. See §267. It is recommended 
that when a machine is intended for service at altitudes above 1000 
meters (3300 ft.) the permissible temperature rise at sea level, until 
more nearly accurate information is available, shall be reduced by 
1 per cent for each 100 meters (330 ft.) by which the altitude ex- 
ceeds 1000 meters. Water cooled oil transformers are exempt from 
this reduction. 


Ambient Temperature of Reference for Water-Cooled Machinery. 

For water-cooled machinery, the standard temperature of reference 
for incoming cooling water shall be 25° C, measured at the intake 
of the machine. 


In the testing of water-cooled transformers, it is not necessary to 
take into account the surrounding. air temperature, except where the 
cooling effect of the air is 15 per cent or more of the total cooling 
effect, referred to the standard ambient temperat; ` of reference of 
25°C. for water and 40°C. for air. When the effec и the cooling air 
is 15 per cent. or more of the total, the temperature of the cooling 
water should be maintained within 5°C. of the surrounding air. 
Where this is impractical, the ambient temperature should be de- 
termined from the change in the resistance of the windings, using 
a disconnected transformer, supplied with the normal amount of 
cooling water, until the temperature of the windings has become 
constant. 


In the case of rotating machines, cooled by forced draught, 
a conventional weighted mean shall be employed, a weight of 
four being given to the temperature of the circulating air supplied 
through ducts (see §304), and a weight of one to the surrounding room 
air. In the case of air-cooled transformers, see “ exception ” $321. 


Machines Cooled by Other Means. For machines cooled by other 
means, special rules are necessary. 


Outdoor Machinery Exposed to Sun’s Rays. 
Outdoor machinery not protected from the sun's rays at times 
of heavy load, must receive special consideration. 


Measurement of the Ambient Temperature During Tests of 
Machinery. 

The ambient temperature is to be measured by means of several 
thermometers placed at different points around and half-way up 
the machine, at a distance of 1 to 2 meters (3 to 6 feet), and protected 
from drafts, and abnormal heat radiation, preferably as in $316. 
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The value to be adopted for the ambient temperature during a test, 
is the mean of the readings of the thermometers (placed as above), 
taken at equalintervals of time during the last quarter of the duration 
of the test. | 


Inorder to avoid errors due to the time lag between the temperature 
of large machines and the variations in the ambient air, all reasonable 
precautions must be taken to reduce these variations and the errors 
arising therefrom. Thus, the thermometer for determining the 
ambient temperature shall be immersed in a suitable liquid, such as 
oil, in a suitable heavy metal cup. This can be made to respond to 
various rates of change, by proportioning the amount of oil to the metal 
in the containing cup. А convenient form for such ап oil-cup consists 
of a massive metalcylinder, with a hole drilled partly through it. 
This hole is filled with oil and the thermometer is placed therein with 
its bulb well immersed. The larger the machine under test, the 
larger should be the metal cylinder employed as an oil-cup in the 
determination of the ambient temperature. The smallest size 
of oil cup employed in any case shall consist of a metal cylinder 
25 mm. in diameter and 50 mm. high (1 in. in diameter and 2in. 
high). 


Thermometers used for taking temperatures of Machinery 
shall be covered by felt pads 3 mm. (š inch) thick and 4 x 5 cm. 
wide (14 "x 2”), cemented on; oil putty may be used for stationary 
and small apparatus. 


In Transformer Testing, and sometimes in testing other machines, 
it may be desirable to avoid errors due to time lag in tempera- 
ture changes, by employing an idle unit of the same size and subjected 
to the same conditions of cooling as the unit under test, for obtaining 
the ambient temperature as described in 8310. 


Where machines are partly below the floor line in pits, the tempera- 
ture of the rotor shall be referred to a weighted mean of the pit 
and room temperatures, the weight of each being based on the rela- 
tive proportions of the rotor in and above the pit. Parts of the stator 
constantly in the pit shall be referred to the ambient temperature in 

the pit. 


Correction for the Deviation of the Ambient Temperature of 
the Cooling Medium, at the Time of the Heat Test, from the Stand- 
ard Ambient Temperature of Reference. Numerous experiments 
have shown that deviation of the temperature of the cooling medium 
from that of the standard of reference, at the time of the heat run, 
has a negligible effect upon the temperature rise of the apparatus; 
therefore, no correction shall be applied for this deviation. It is, 
nowever, desirable that tests should be conducted at ambient tem. 
peratures not lower than 20°C. 


Exception—A Correction shall be applied to the observed tem- 
perature rise of the windings of Air-blast transformers, due to dif- 
ference in resistance, when the temperature of the ingoing cooling 
air differs from that of the standard of reference. This correction 
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shall be the ratio of the inferred absolute ambient temperature of 
reference to the inferred absolute temperature of the ingoing cool- 
ing air, з. e. the ratio 274.5/(234.5 + t); where t is the ingoing cooling- 
air temperature. : 

Thus, a cooling-air room temperature of 30°C. would correspond to 
an inferred absolute temperature of 264.5° on the scale of copper re- 
sistivitv, and the correction to 40°C. (274.5° inferred absolute tem- 
perature) would be 274.5 / 264.5 = 1.04, making the correction 
factor 1.04; so that an observed temperature rise of say 50°C. at the 
testing ambient temperature of 30°C. would be corrected to 50 X 
1.04 = 52°C. this being the temperature rise which would have oc- 
curred had the test been made with the standard ingoing cooling- 
air temperature of 40°C. 


Duration of Temperature Test of Machine for Continuous Ser- 
vice. The temperature test shall be continued until sufficient evi- 
dence is availuble to show that the maximum temperature and 
temperature rise would not exceed the requirements of the rules, 
if the test were prolonged until a steady final temperature was 
reached. 


Duration of Temperature Test of Machine with a Short-Time 
Rating. Тһе duration of the temperature test of a machine with 


a short-time rating shall be the time required by the rating. 
(See §285 and 286). 


Duration of Temperature Test for Machine having more than 
One Rating. The duration of the temperature test for a machine 
with more than one rating shall be the time required by that rating 
which produces the greatest temperature rise. In cases where this 
cannot be determined beforehand, the machine shall be tested 
separately under each rating. 


Temperature Measurements during Heat Run. Temperature 
measurements, when possible, shall be taken during operation, as 
well as when the machine is stopped. The highest figures thus 
obtained shall be adopted. In order to abridge the long heating 
period, in the case of large machines, reasonable overloads of cur- 
rent, during the preliminary period, are suggested for them. 


TEMPERATURE MEASUREMENTS 


The Actual Temperatures attained in the different parts of a 
machine, and not the rises in temperature, affect the life of the in- 
sulation of the machine. (See 8300 to 302). 


The Temperatures in the Different Parts of a Machine which it 
would be desirable to ascertain, are the maximum temperatures 
reached in those parts. 


Whatever may be the Ambient Temperature when the machine 
is in service, the limits of the maximum observable temperature 
and of temperature rise specified in the rules should not be exceeded 
in service; for, if the maximum temperature be exceeded, the in- 
sulation may be endangered, and if the rise be exceeded, the excess 
load may lead to injury, by exceeding limits other than those of 
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temperature; such as commutation, stalling load and mechanical 
strength. 


343 Asitis Usually Impossible to Determine the Maximum Temperature 
attained in insulated windings, it is convenient to apply a correction 
to the observable temperature, so as to approximate the difference be- 
tween the actual maximum temperature and the observable tempera- 
ture by the method used. This correction, or margin of security, is 
provided to cover the errors due to fallibility in the location of the 
measuring devices, as well as inherent inaccuracies in measurement 
and methods. 


844 In Determining the Temperature of Different Parts of a Machine 
three methods as provided. Тһе appropriate method for any 
particular case is set forth below. 


346 Method No 1. Thermometer Method. Í 
This method consists in the determination of the temperature, 
by mercury or alcohol thermometers, by resistance thermometers, 
or by thermocouples, any of these instruments being applied to the 
hottest accessible part of the com pleted machine, as distinguished from 
the thermocouples or resistance coils embedded in the machine as 
described under Method No. 3. 


346 When Method No. 1 is Used, the hottest-spot temperature for 
windings shall.be estimated by adding a hottest-spot correction of 
15°C to the highest temperature observed, in order to allow for the 
practical impossibility of locating any of the thermometers at the hot- 
test spot. 


347 | Exception. When the thermometers are applied directly to 
the surfaces of bare windings, such as an edgewise strip conductor, 
or a cast copper winding, a hottest-spot correction of 5°C , instead of 
15°C, shall be made. For commutators, collector rings, bare metallic 
surfaces not forming part of a winding, or for oil in which apparatus 
is immersed, no correction is to be applied. 


348 Method No. 2. Resistance Method. 

This method consists in the measurement of the temperature of 
windings by their increase in resistance, corrected* to the instant of 
shut-down when necessary. Іп the application of this method, care- 
ful thermometer measurements must also be made, whenever prac- 
ticable without disassembling the machinef, in order to increase the 
probability of revealing the highest observable temperature. Which- 


*Whenever a sufficient time has elapsed between the instant of shut-down and 
the time of the final temperature measurement to permit the temperature to 
fall, suitable corrections shall be applied, so as to obtain as nearly as practicable 
the temperature at the instant of shut-down. This can sometimes be approximately 
effected by plotting a curve, with temperature readings as ordinates and times 
ав abscissas, and extrapolating back to the instant of shut-down. In other instan- 
ces, acceptable correction factors can be applied. 

In cases where successive measurements show increasing temperatures after 
Shut-down, the highest value shall be taken. 


{Аз one of the few instances in which the thermometer check cannot be applied in 
Method No. 2, the rotor of а turbo-alternator may be cited. 
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ever mcasurement yields the higher temperature, that temperature 
shall be taken as the “ highest observable’’ temperature and a hot- 
test-spot correction of 10*C added thereto. 


The Temperature Co-efficient of Copper shall be deduced from the 
formula 1/(234.5 + f). Thus, at ап initial temperature і =40°C., 
the temperature co-efficient of increase in resistance per degree 
centigrade rise, is 1/(274.5) = 0.00364. The following table, 
deduced from the formula, is given for convenience of reference. 


TABLE II. 
Temperature Coefficients of Copper Resistance. 


Temperature oí the| Increase in resis- 


iwinding, in degrees C.| tance of copper 
‘at which the initial ге-| per °C., per ohm 
sistance is measured. of initial resistance. 

0 0.00 427 

5 0.00 418 

10 0.00 409 

15 0.00 401 

20 0.00 393 

25 0.00 385 

30 0.00 378 

35 0.00 371 

40 0.00 364 


In Coils of Low Resistance, where the joints and connections 
form a considerable part of the total resistance, the measurement of 
temperature by the resistance method shall not be used. 


The Temperature of the Windings of Transformers is always to be 
ascertained by Method 2. In the case of air-blast transformers, it is 
especially important to place thermometers on the coils near the 
air outlet. 


Method No. 3. Embedded Temperature-Detector Method. 

This method consists in the use of thermo-couples or resis- 
tance temperature detectors, located as nearly as possible at the 
estimated hottest spot. When method No. 3 is used, it shall, 
when required, be checked by method No. 2; the hottest spot shall 
then be taken to be the highest value by either method, the required 
correction factors ($348 and $366) being applied in cach case. 


By Building into the Machine suitably placed temperature de- 
te tors, a temperature not much less than that of the hottest spot will 
probably be disclosed. When these devices are adopted for such 
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temperature determinations, a liberal number shall be employed, and 
all reasonable efforts, consistent with safety, shall be made to 
locate them at the various places where the highest temperatures are 
likely to occur. 


354  Temperature-Detectors should be placed in at least two sets of 
locations. One of these should be between a coil-side* and the core, 
and one between the top and bottom coil-sides where two coil-sides 
per slot are used. Where only one coil-side per slot is used, one set of 
detectors shall be placed between coil-side and core, and one set 
between coil-side and wedge. 


366 Method No. 3 should be applied to all stators of machines with 
cores having a width of 50 cm. (20 in.) and over. It should also 
be applied to all machines of 5000 volts and over, if of over 500 
kv-a., regardless of core width. This method is not required for 
induction-regulators, which shall be tested as transformers. 


366 Correction Factor for Method No. 3.—In the case of two-layer 
windings, with detectors between coil-sides, and between coil-side and 
core, add 5? C tothe highest reading. In single-layer windings, with 
detectors between coil-side and core and between coil-side and wedge, 
add to the highest reading 10? C. plus 1? C. per 1000 volts above 5000 
volts of terminal pressure. 


TEMPERATURE LIMITS 


376 Table III gives the limits for the hottest-spot tempera- 
tures of insulations. The permissible limits are indicated 
in column 1 of the Table. The limits of temperature rise 
permitted under rated-load conditions are given in column 2, 
and are found by subtracting 40? C. from the figures in column 1. 
Whatever be the ambient temperature at the time of the test, the rise 
of temperature must never exceed the limits in column 2 of the 
table. The highest temperatures, and temperature rises, attained 
in any machine at the output for which it is rated, must not exceed 

- the values indicated in the Table and clauses following. 


376 Permissible Temperatures and Temperature Rises For Insulating 
Materials. Table III (sce next page) gives the highest temperatures 
and temperature rises to which various classes of insulating materials 
may be subjected, based on a standard ambient temperature of 
reference of 40*C. 


377 Nore. The Institute recognizes the ability of manufacturers to 
employ Class B insulation successfully at maximum temperatures of 
150? C. and even higher. However, as sufficient data covering ex- 
perience over a period of years at such temperatures is at present 
unavailable, the Institute adopts 125? C as a conservative limit for 
this class of insulation, and any increase above this figure shou'd be 
the subject of special guarantee by the manufacturer. 


*A coil-side is one of the two active sides of a coil. 
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TABLE Ш. 
Permissible Temperatures and Temperature Rises for Insulating 
Materials. 


1 
Maximum 
Temperature to 


Maximum 
Description of Materia which the Temperature 


material may кие 
be subjected 


Cotton, silk, paper and simi- 
lar materials, when so treat- 
ed or impregnated as to in- 
crease the thermal limit, or 
when permanently im- 
mersed in oil; also enamel- 
led wire*.__............. 105°C | 65°C 


Mica, asbestos and other ma- 
terials capable of resisting 
high temperatures, in which 
any Class A. material or 
binder is used for structural 
purposes only, and may 
be destroyed without im- 
pairing the insulating or 
mechanical qualities of the 
insulation ............... 125°C 85°C 


Fireproof and refractory ma- 
terials, such as pure mica, 
porcelain, quartz, etc...... No limits specified. 


*Por cotton, silk, paper and similar materials, when neither impregnated nor im- 
mersed in oil, the highest temperatures and temperature rises shall be 10?C below the 
limits fixed for Class A, in Table III. 


When a lower-temperature class material is comprised in a com- 
pleted product to such an extent, or in such ways, that its subjection 
to the temperature limits allowed for the higher-temperature class 
material, with which it is associated, would affect the integrity of the 
insulation either mechanically or electrically, the permissible tempera- 
ture shall be fixed at such a value as shall afford ample assurance that 
no part of the lower-temperature class material shall be subjected to 
temperatures higher than those approved by the Institute and set 
forth above. 
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379 TABLE IV 


Permissible Hottest Spot Temperatures and Limiting Observable 
Temperature Rises in other than Water-Cooled Machineay 


Class At B 
Permissible Hottest-Spot Temperature.... 105? 125° 
= 
“eo š | | 
Q = | Hottest Spot Согтесїїоп................. 15° 15° 
= z 5 S | Limiting Observable Temperature........ 90° 110° 
= 55 3. Limiting Observable Temperature Rise 
- ы о above 40 C occus oos oro aaa ЕЗ 50° 70° 
SE d 
Кы] 
в 
a z Hottest Spot Correction.. — M 10? 10° 
© < > Limiting Observable Тере: cas 95° 115° 
> “ye Limiting Observable Temperature Rise 
m 2 Ф aboved09C от аена уа 55° 75° 
^^ 
ы 
4) on ; Š 5 
>a 9 |Hottest Spot Correction....... 5 5 
5 "ES Limiting Observable Temper- 
un e $0 Blüfe coi Qe ordei 100° 120° 
> = = т Limiting Observable Тетрег- 
© á 2574 ature Rise above 40°C... 60° 80° 
К E 
z —r —sh r n — у чүч асаа 
a ж m 
- we 55 
= x © 2. — Hottest Spot Correction....... 10° 10° 
Q E ° 3 : Е Limiting Observable Temper- 
O28 | 5835 аїшге................. 95° 115° 
= Š > ЕБ > Limiting Observable Temper- 
Mo ° L m ature Rise above 40°C... 55° 75° 
= = Ë = 
a 
ш 
а 5 
ш $ m с 92 | Hottest Spot Correction ...... 109--(Е--5)%|109--( Е--5) 
x E ga = Limiting Observable Temper- 
т жә 
2 $9. ilo REN 959—(E—5) |115%-(Е--5) 
Е 5 5 Limiting Observable Temper- 
Z GES ature Rise above 40°C...|55°—(E—5) |75°—(E—5) 
e 


tFor cotton, silk, paper and similar materials, when neither impreganted nor immersed 
in oil, the highest temperatures and temperature rise shall be 10°C. below the limits 
fixed for class A. 

*In these formulas. Е represents the rated pressure between terminals in kilovolts. 
Thus for a three-phase machine with single-layer winding, and with 11 kilovolts between 
terminals, the hottest-spot correction to be added to the maximum observable temperature 
will be 16?C. 


Special Cases of Temperature limits. 


385 Temperature of Oil. Тһе oil in which apparatus is permanently 
immersed shall in no part have a temperature, observable by ther- 
mometer, in excess of 90?C. 
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Water-Cooled Transformers. In these the hottest-spot tempera- 
ture shall not exceed 90°C. 


Railway Motor Temperature Limits, see $804 and 806. 


Squirrel-Cage and Amortisseur Windings. In many cases the 
insulation of such windings is largely for the purpose of making 
the conductors fit tightly in their slots, and the slightest effective 
insulation is ample. In other cases, there is practically no insula- 
ting material on the windings. Consequently, the temperature 
rise may be of any value such as will not occasion mechanical in- 
jury to the machine. 


Collector Rings. The temperature of collector rings shall not be 
permitted to exceed the “ hottest-spot '' values set forth in 6876 and 
879 for the insulations employed either in the collector rings them- 
selves, or in adjacent insulations whose life would be affected by 
the heat from the collector rings. 


Commutators. The observable temperature shall in no case be 
permitted to exceed the values given in $376 and $79 for the in- 
sulation employed, either in the commutator or in any insulation 
whose life would be affected by the heat of the commutator. 


Cores. The temperature of those parts of the iron core in 
contact with insulating materials must not be such as to occasion 
in those insulating materials temperatures or temperature rises іп. 
excess of those set forth in 8376 and 379. 


Other parts, (such as brush-holders, brushes, bearings, pole-tips, 
cores, etc.) All parts of electrical machinery other than those 
whose temperature affects the temperature of the insulating ma- 
terial, may be operated at such temperatures as shall not be in- 
jurious in any respect. 


METHODS OF LOADING TRANSFORMERS FOR TEMPERATURE 
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TESTS 


Whenever practicable, transformers should be tested under con- 
ditions that will give losses approximating as nearly as possible 
to those obtained under normal or specified load conditions, main- 
tained for the required time (See 5922 to 324). The maximum tem- 
perature rises measured during this test should be considered as the 
observable temperature rises for the given load. 

An approved method of making these tests is the “ loading-back ” 
method. The principal variations of this method are— 


With duplicate single-phase transformers. 

Duplicate single-phase transformers may be tested in banks of 
two, with both primary and secondary windings connected in par- 
allel. Normal magnetizing voltage should then be applied and the 
required current circulated from an auxiliary source. One trans- 
former can be held under normal voltage and current conditions, 
while the other may be operating under slightly abnormal con- 
ditions. 
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With one three-phase transformer. 

One three-phase transformer may be tested in a manner similar 
to (a), provided the primary and secondary windings are each con- 
nected in delta for the test. Normal three-phase magnetizing volt 
age should be applied and the required current circulated from an 
auxiliary single-phase source. | 


With three single-phase transformers. 

Duplicate single-phase transformers may be tested in banks of 
three, in a manner similar to (b) by connecting both primary and 
secondary windings in delta, and applying normal three-phase 
magnetizing voltage and circulating the required current from an 
auxiliary single-phase source. 


NOTE:— Among other methods that have a limited application 
and can be used only under special conditions may be mentioned— 

(1) Applying dead load by means of some form of rheostat. 

(2) Running alternately for certain short intervals of time on 
open circuit and then on short circuit, alternating in this way until 
the transformer reaches steady temperature. In this test, the vol- 
tage for the open-circuit interval and the current for the short-circuit 
interval shall be such as to give the same integrated core loss, and 
the same integrated copper loss, as іп normal operation. 


ADDITIONAL REQUIREMENTS 


Short-Circuit Stresses. 

The Institute recognizes the self-destructibility, both mechanical 
and thermal, of certain sizes and types of machines, when subjected 
to severe short-circuits, and recommends that ample protection be 
provided in such cases, external to the machine if necessary. 


Over-Speeds. 
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All Types of Rotating Machines shall be so constructed that 
they will safely withstand an over-speed of 25 per cent, except in the 
case of steam turbines, which, when equipped with emergency gover- 
nors, shall be constructed to withstand 20 per cent over-speed. 

In the case of Series Motors, it is impracticable to specify percen- 
tage values for the guaranteed over-speed, on account of the varying 
service conditions. 

Water-wheel Generators shall be constructed for the maximum 
runaway speed which can be attained by the combined unit. 


Momentary Loads. 


402 


Continuously Rated Machines shall be required to carry momen- 
tary loads of 150 per cent of the amperes corresponding to the con- 
tinuous rating, keeping the rheostat set for rated load excitation, 
(Зее §281, 764 and 803.) and commutating machinery shall com- 
mutate successfully under this condition. Successful commuta- 
tion is such that neither brushes nor commutator are injured by 
the test. In the case of direct-connected generators, this clause 
is not to be interpreted as requiring the prime mover to drive the 
generator at this overload. 
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Machines for duty-cycle operation shall be rated according to 
their equivalentload, either on the short-time or continuous basis, but 
if intended for operation with widely fluctuating loads, shall commu- 
tate successfully under their specified operating conditions. See§ 284, 
286. 


Stalling Torque of Motors 


Motors tor continuous service shall,except when otherwise specified 
be required to develop a running torque at least 175 per cent of 
that corresponding to the running torque at their rated load, with- 
out stalling. " 

Obviously, duty-cycle machines must carry their peak loads with- 
out stalling. 

WAVE FORM 

The Sine Wave shall be considered as standard, except where 
deviation therefrom is inherent in the operation of the system of 
which the machine forms a part. 


The deviation of wave form from the sinusoidal is determined by 
superposing upon the actual wave, (as determined by oscillograph), the 
equivalent sine wave of equal length, in such a manner as to give 
the least difference, and then dividing the maximum difference 
between corresponding ordinates by the maximum value of the 
equivalent sine wave. A maximum deviation of the wave from sin- 
usoidal shape not exceeding 10 per cent is permissible, except when 
otherwise specified. 


EFFICIENCY AND LOSSES 


Machine Efficiency is the ratio of the power delivered by the 
machine to the power received by it. 

Plant Efficiency is the ratio of the energy delivered from the 
plant to the energy received by it in the a specified period of time.* 


T wo efficiencies are recognized,conventional efficiency and directly- 
measured efficiency. Unless otherwise specified, the conventional | 
efficiency is to be employed. 

Conventional Efficiency of machinery is the ratio of the output to 
the sum of the output andthe losses; or of the input minus the losses 
to the input; when, in either case, conventional values are assigned 
to one or more of these losses. The need for assigning conventional 
values to certain losses, arises from the fact that some of the losses 
in electrical machinery are practicably indeterminable, and must, in 
many cases, either be approximated by an approved method of test 
or else values recommended by the Institute and designated '' con- 
ventional'' values shall be employed for them in arriving at the “соп- 
ventional efficiency." 


Efficiencies based upon Conventional Losses shall be specifically 
stated to be conventional efficiencies. 


Directly-Measured Efficiency. Input and output determinations 


cu ————— 


@ An exception should be noted in the case of the efficiency of storage batteries. ` 
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or equivalent, where applicable. Within the limits of practical 
application, the circulating-power method, sometimes described as 
the Hopkinson or ''loading-back'" method, may be used. 


Values of the Indeterminate Losses may also be obtained by 
brake or other direct test, and used in estimating actual efficiencies 
of similar machines, by the separate-loss method. 

Normal Conditions. The efficiency shall correspond to, or be 
corrected to, the normal conditions herein set forth, which shall be 
regarded as standard. These conditions include voltage, current, 
power-factor, frequency, wave-shape, speed, temperature, or such 
of them as may apply in each particular case. 

Measurement of Efficiency. Electric power shall be measured 
at the terminals of the apparatus. In polyphase machines, sufficient 
measurements shall be made on all phases to avoid errorsof unbalance. 


Point at Which Mechanical Power Shall be Measured. Mechani- 
cal power delivered by machines, shall be measured at the pulley, 
gearing, or coupling, on the rotor shaft, thus excluding the loss of 
power in the belt or gear friction. See, however, an exception in 
§800. 

The Efficiency of Alternating-Current machinery shall be measured 
when the current is in phase with the terminal voltage, unless 
otherwise specified, or unless a definite phase difference is inherent 
in the apparatus, as in induction machinery. 

Efficiency of Alternating-Current Machinery in regard to WaveShape. 

In determining the efficiency of alternating-current machinery, 
the sine wave is to be considered as standard, unless a different wave 
form is inherent in the operation of the system. See $405. 


Temperature of Reference for Efficiency Determinations. The 
efficiency, at all loads, of all apparatus, shall be corrected to a 
reference temperature of 75°C. 

The losses in constant-potential machinery, either of the stationary 
type, or of the constant-speed rotary type, are of two classes; namely, 
those which remain substantially constant at all loads, and those 
which vary with the load. The former include iron losses, windage 
and friction, also PR losses іп any shunt windings. The latter 
include I?R losses in series windings. The constant losses may be 
determined by measuring the power required to operate the machine 
at no load, deducting any series ПВ losses. The variable loss at 
any load may be computed from the measured resistance of the series 
windings and the given load current. 


Stray Load Losses. The above simple method of determining 
the losses and hence the efficiency is only approximate, since the 
losses which are assumed to be constant do actually vary to some 
extent with the load, and also because the actual loss in the copper 
windings is sometimes appreciably greater than the calculated ËR 
loss. The difference between the approximate losses, as above de- 
termined, and the actual losses, is termed the '' stray load losses ''*, 


*In Table V, the stray load losses include f, h, i, К, 1 and m; but do not include 


increased core losses due to increased excitation for compensating internal drop under load. 
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These latter are due to distortions in electric or magnetic fluxes 
from their no-load distributions or values, brought about by the load 
current. They are usually only approximately measurable, or may 
be indeterminable. 


| TABLE V 
- Classification of Losses in Machinery 


485 Losses іп machinery may be classified as follows: 


А pproxsmately 
Accurately Measurable Measurable or Indeterminable 
or Determinable Deiesminable 
a. No-Load Core Losses |c. 
including eddy-current Brush Friction h. Iron Loss due to 
losses in conductors at Loss flux distortion. 
no-load 
b. | 4. 1. Eddy-Current losses 
| In conductors due to 
Load I?R losses іп windings! Brush-Contact transverse fluxes oc- 
No-LoadI?R* “ “ Loss casioned by the load 
currents. 


| 


| k. Eddy-Current losses 
e. Losses due to wind- | in conductors due to, 
age and to bearing|tooth saturation re- 
friction sulting from distor-, 
tion of the main flux. | 


f. Extra copper loss |/ 
in transformer wind- | Tooth-frequency los- 
ings, due to stray | ses due to flux dis- 
fluxes caused by load | tortion under load.. 
currents 


m. Short-Circuit Loss 


g. Dielectric Losses. 
of Commutation. 


= --- 


486 Evaluation of Losses. The larger individual losses are either 
accurately or approximately determinable, but certain of the in- 
determinable losses reach values in various kinds of machinery 
which require that they should be taken into account. 

Methods of measuring, approximating or allowing for these various 
losses are given below. 


LOSSES TO BE TAKEN INTO ACCOUNT IN VARIOUS TYPES 
OF MACHINES 


440 Direct-Current Commutating Motors and Generators. 
No-load core losses. (Accurately Measurable or Determinable). 
I*R loss in all windings.- (Acc. Meas. or Deter.) | 
Brush contact I?R loss. (Approximately Meas. or Deter). 
Unless otherwise specified, use the Institute Standard of 1 volt 
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for contact drop per brush; $. e., 2 volts for total brush drop, 
for either carbon or graphite brushes. See $464 and 819. 

Friction of bearings and windage. (Approx. Meas. or Deter.) 

Rheostat losses, when present. (Acc. Meas. or Deter.) 

Brush friction. (Approx. Meas. or Deter.) 

Al indeterminable load losses (including stray-load iron 
losses) which may be important, which vary with the design, and for 
which no satisfactory method of determination has been found, shall 
be included as zero per cent in estimating conventional efficiency. 


441 Synchronous Motors and Generators. 

No-load core losses. (Acc. Meas. or Deter.) 

I?R loss in all windings. (Acc. Meas. or Deter.) based upon rated 
kw. and power factor. 

Stray load-losses. (Indeterminable.) In approximating these 
losses, the method described in $468 shall be employed. 

Friction of bearings and windage. (Approx. Meas. or Deter.) 

Brush friction and brush-contact loss is negligible. 

Rheostat losses, when present, corresponding to rated kw. and 
power factor. (Acc. Meas. or Deter.) 


442 Induction Machines. | 
No-load core losses. (Acc. Meas. or Deter.) 
I?R losses in all windings. (Acc. Meas. or Deter.) 


Stray load-losses. (Indeterminable.) In approximating these 
losses, the method described in $459 shall be employed. 


Brush friction when collector rings are present. (Approx. 
Meas. or Deter.) 


Brush-contact loss. (Approximately Meas. ог Ощег.). 
Unless otherwise specified, use the Institute Standard of 1 
volt for contact drop per brush, for either carbon or graph- 
ite brushes. See §464. 


Friction of bearings and windage (Approx. Meas. or Deter.) 
443 Commutating A-C. Machines 


No-load core losses. (Acc. Meas. or Deter.) 

I?R losses іп all windings. (Acc. Meas. or Deter.) 

Brush friction. (Approx. Meas. or Deter.) - 

Brush-contact loss. (Approx. Meas. ог Deter.) Unless 
otherwise specified, use the Institute Standard of 1 volt for 
contact drop per brush, for either carbon or graphite 
brushes. See §464 and 819. 

Friction of bearings and windage. (Approx. Meas. or Deter.) 


Short-Circuit loss of commu- 


tation. (Indeterminable.) 
Iron loss due to flux distor- | The Institute is not at this 
tion. (Indeterminable.) time prepared to make recom- 
Eddy-current losses due to mendations for approximating 
fluxes varying with load these losses. 


and saturation. (Indeter- 
minable.) 
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444 Synchronous Converters. 


No-load core losses. (Acc. Meas. or Deter.) 

[?R losses in all windings, based on rated kw. and power factor. 
(Approx. Meas. or Deter.) The I?R losses in the armature 
winding shall be derived from those corresponding to its 
use as a direct-current generator, by using recognized factors. 

Brush friction. (Approx. Meas. or Deter.) 

Rheostat losses when present, corresponding to rated kw. and 
power factor. (Acc. Meas. or Deter.) 

Brush-contact loss. (Approx. Meas. or Deter.) Unless other- 
wise specified, use the Institute Standard of 1 volt for con- 
tact drop per brush,—for either carbon or graphite brushes. 


See §464. 
Short-circuit loss of commuta- 
tion. (Indeterminable) These losses, while usually of 
Iron loss due to flux distor- low magnitude, are erratic, 
tion when present. (Тп- and the Institute is not at 
determinable). this time prepared to make 
Eddy-current losses due to recommendations for approxi- 
fluxes varying with load mating them. 
and saturation. (Іпде- 


terminable.) 
Friction of bearings and windage. (Approx. Meas. or Deter.) 
For the booster type of synchronous converter, where the 
booster forms an integral part of the unit, its losses shall 


be included in the total converter losses in estimating the 
efficiency. 


445 Transformers. 


No-load losses. These include the core loss and the ËR loss 
due to the exciting current, (Acc. Meas. or Deter.) also the 
dielectric hysteresis loss in the insulation, (Approx. Meas. or 
Deter.) (See §470.) 

PR losses in all windings. (Acc. Meas. or Deter.) 

Stray load losses. (Approx. Meas. or Deter.). These include 
eddy-current losses in windings and core, due to fluxes varying 


with load. See §471, for the method of approximating these 
losses. 


DETERMINATION OR APPROXIMATION OF LOSSES IN 
ROTATING MACHINERY 


460 Bearing Friction and Windage may be determined as follows. 
Drive the machine from an independent motor, the output of which 
shall be suitably determined. The machine under test shall have its 
brushes removed and shall not be excited. This output represents 
the bearing friction and windage of the machine under test. 

The bearing friction and windage of induction motors may be 
measured by running motors free at the lowest voltage at which 
they will rotate continuously at approximately rated speed; the 
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watts input, minus I?R loss, under these conditions being taken 
as the friction and windage. 

In the case of engine-type generators, the windage and bearing 
friction loss 1s ordinarily very small,amounting to a fraction of one 
per cent of the output. In these rules this loss is neglected owing 
to its small value and the difficulty of measuring it. 


Brush Friction of Commutator and Collector Rings. Follow the 
test of §460, taking an additional reading with the brushes in contact 
with the commutator or collector rings. The difference between the 
output obtained in the test іп 8460 and this output shall be taken as 
the brush friction. Note: The surfaces of the commutator and 
brushes should already be smooth and glazed from running when 
this test is made. 

No-Load Core Loss. Follow the test in 8461 with an additional 
reading taken with the machine excited. The difference between the 
output value of §461 and the output value of this reading shall be 
taken as the no-load соге loss. This no-load core loss shall be taken 
with the machine so excited, as to produce rated terminal voltage. 


The Core Loss of Induction Motors may be determined by mea- 
suring the watts input to the motor when running free at normal 
rated voltage and frequency, and subtracting therefrom the no- 
load copper loss and the bearing friction and windage. 


No-Load Core Loss at the Internal Voltage Corresponding 
to Rated Load. ‘This shall be taken as in $462, except that the 
machine shall be so excited as to produce at the terminals the volt- 
age corresponding to the calculated internal voltage for the load 
and power factor under consideration. For synchronous 
machines, since no generally accepted method is available for ob- 
taining the stator reactance, the internal voltage shall be determined 
by correcting the terminal voltage for only the resistance drop. 


The Brush-Contact I'R Loss depends largely upon the material of . 
which the brush is composed. As indicating the range of variation 
the following table will be of interest: 


TABLE VI. 
Brush-Contact Drop. 


Volts drop across one brush-contact. 


Grade of Brush (Average of positive and negative brushes) 
Hard Carbon 1.1 
Soft Carbon 0.9 
Graphite 0.5 to0.8 
Metal-Graphite types 0.15 to 0.5 (The former for largest proportion 
of metal) 


One volt drop per brush shall be considered as the Institute Stand- 
ard drop corresponding to the ГВ brush-contact loss, for cai- 
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bon and graphite brushes. Metal-graphite brushes shall be con- 
sidered as special. See $819. 


Field-Rheostat Losses shall be included in the generator losses 
where there is a field rheostat in series with the field magnets of 
the generator, even when the machine is separately excited. 


Ventilating Blower. When a blower is supplied as part of a 
machine set, the power required to drive it shall be charged against 
the complete unit; but not against the machine alone. 


Losses іп Other Auxiliary Apparatus. Auxiliary apparatus, such as 

a separate exciter for a generator or motor, shall have its losses 
charged against the plant of which the generator and exciter are 
a part, and not against the generator. An exception should be 
noted in the case of turbo-generator sets with direct-connected 
exciters, in which case the losses in the exciter shall be charged 
against the generator. The actual energy of excitation and the 
field-rheostat losses, if any, (see $466) shall be charged against the 
generator. 


Stray Load-Losses in Synchronous Generators and Motors. These 
include iron losses, and eddy-current losses in the copper, due to 
fluxes varying with load and also to saturation. 


Stray load-losses are to be determined by operating the machine 
on short circuit and at rated-load current. This, after deducting the 
windage and friction and I?R loss, gives the stray load-loss for 
polyphase generators and motors. These losses in single-phase 
machines are large; but the Institute is not yet prepared to specify 
a method for measuring them. 


Stray Load-Losses in Induction Machines. 

These include eddy-current losses in the stator copper, and other 
eddy-current losses due to fluxes varying with the load. In wind- 
ings consisting of relatively small conductors, these eddy-current 
losses are usually negligible. 

With rotor removed, and for a given stator current, measure the 
input the stator at different frequencies. Plot a curve of loss 
against frequency. At low frequencies, the loss becomes constant, 
indicating the I?R value. The difference between this PR value 
and the total loss at normal frequency, shall be taken as the stray 
load-loss. This method is not accurate with induction motors in 
which the slots are entirely closed. In such machines these losses 
may be greater. 


Polyphase Induction-Motor Rotor I?R Loss. This should be de- 
termined from the slip, whenever the latter is accurately determinable, 
using the following equation: 


Output X slip 


Rotor РЕ loss = 
: l — slip 


In large slip-ring motors, in which the slip cannot be directly meas- 
ured by loading, the rotor I?R loss shall be determined by direct 
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resistance measurement; the rotor full-load current to be calculated 
by the following equation: 


watts output 
Rotor voltage at stand-still X V3XK 


Current perring = 


This equation applies to three-phase rotors. For rotors wound 


for two phase, use 2 instead of the 4/3. K may be taken as 0.95 
for motors of 150 kw. or larger. The factor K usually decreases 
as the size of motor is reduced, but no specific value can be stated 
for smaller sizes. 


DETERMINATION OR APPROXIMATION OF LOSSES IN 
TRANSFORMERS 


No-Load Losses. These shall be measured with open secondary 
circuit at the rated frequency, and with an applied primary voltage 
giving the rated secondary voltage plus the IR drop which occurs in 
the secondary under rated-load conditions. These no-load losses 
include core losses, consisting of hysteresis and eddy-current losses 
in the core, as well as dielectric loss in insulation due to electro- 
static flux, which latter loss increases rapidly with temperature, 
and the test should therefore preferably be made at the reference 
temperature of 75°C. 


Stray Load-Losses. These shall be measured by applying a pri- 
mary voltage sufficient to produce rated-load current in the primary 
and secondary windings, the latter being short circuited. The stray 
load-losses will then be equal to the input decreased by the measured 
I?R losses in both windings, as computed from resistance measure- 
ments at actual temperature, and the rated current. It is ordi- 
narily immaterial whether the high-voltage or low-voltage winding 
is used as the primary winding in this test. 


TESTS OF DIELECTRIC STRENGTH OF MACHINERY 


480 


481 


Basis for Determining Test Voltages. The test voltage which 
shall be applied to determine the suitability of insulation for com- 
mercial operation is dependent upon the kind and size of the ma- 
chinery, and its normal operating voltage, upon the nature of the 
service in which it is to be used, and upon the severity of the me- 
chanical and electrical stresses to which it may be subjected. The 
voltages and other conditions of test which are recommended, 
have been determined as reasonable and proper for the great majority 
of cases, and are proposed for general adoption, except when specific 
reasons make a modification desirable. 


Condition of Machinery to be Tested. Commercial tests shall, 
in general, be made with the completely assembled machinery 
and not with individual parts. The machinery shall be in good 
condition, and high-voltage tests, unless otherwise specified, shall be 
applied before the machine is put into commercial service, and shall 
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not be applied when the insulation resistance is low owing to dirt or 
moisture. High-voltage tests shall be made at the temperature as- 
sumed under normal operation or at the temperature attained under 
the conditions of commercial testing. High-voltage tests to determine 
whether specifications are fulfilled, are admissible on new ma- 
chines only. | Unless otherwise agreed upon, high-voltage tests of a 
machine shall be understood as being made at the factory. 


Points of Application of Voltage. The test voltage shall be suc- 
cessively applied between each electric circuit and all other elec- 
tric circuits and metal parts grounded. 


Interconnected Polyphase Windings are considered as one circuit. 
All windings of a machine except that under test, shall be connected 
to ground. 


Frequency, Wave Form and Test Voltage. The frequency of 
the testing circuit shall not be less than the rated frequency of the 
apparatus tested. А sine-wave form is recommended. See §406. 
The test shall be made with alternating voltage having a crest 


value equal to 4/2 times the specified test voltage. In d.c. machines, 
and in the general commercial application of a.c. machines, the 
testing frequency of 60 cycles per second is recommended. 


Duration of Application of Test Voltage. The testing voltage 
for all classes of apparatus shall be applied continuously for a period 
of 60 seconds. 


Apparatus for Use on Single-Phase, 3-Phase-Delta or 3-Phase- 
Star Circuits. Apparatus, such as transformers, which may be used 
in star connection on three-phase circuits, shall have the delta 
voltage of the circuits on which they may be used indicated on the 
rating plate and the test shall be based on such delta voltage. 


VALUES OF A-C. TEST VOLTAGES 


The Standard Test for All Classes of Apparatus, Except as Other- 
wise Specified, Shall be Twice the Normal Voltage of the Circuit 
to Which the Apparatus is Connected, Plus 1000 Volts. 


Exception—Alternating-Current Apparatus connected to Perma- 
nently Grounded Single-Phase Systems, for use on Permanently 
Grounded Circuits of more than 300 Volts, shall be tested with 
2.73 times the voltage of the circuit to ground + 1000 volts. This 
does not refer to three-phase apparatus with grounded star neutral. 


Exception—Distributing Transformers. "Transformers for pri 
mary pressures from 550 to 5000 volts, the secondaries of which are 
directly connected to consumers' circuits and commonly known as 
distributing transformers, shall be tested with 10,000 volts from 
primary to core and secondary combined. Тһе secondary windings 
shall be tested with twice their normal voltage plus 1000 volts. 


Exception—Auto-Transformers used for starting purposes, shall 
be tested with the same voltage as the test voltage of the appa- 
ratus to which they are connected. 
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Exceptton—Household Devices. Apparatus taking not over 
660 wattsf and intended solely for operation on supply circuits not 
exceeding 250 volts, shall be tested with 900 volts, except in the 
case of heating devices which shall be tested with 500 volts at oper- 
ating temperature. 


Exceptton—Apparatus for use on Circuits of 25 Volts or Lower, 
such as bell-ringiug apparatus,* electrical apparatus used in automo- 
biles, apparatus used on low-voltage battery circuits, etc., shall be 
tested with 500 volts. 


Exception—Field Windings of Alternating-Current Generators 
shall be tested with 10 times the exciter voltage, but in no case with 
less than 1500 volts nor more than 3500 volts. | 

Exception—Field Windingst of Synchronous Machines, in- 
cluding motors and converters which are to be started from al- 
ternating-current circuits, shall be tested as follows: 

a. When machines are started with fields short-circuited they 
shall be tested as specified in §606. 

b. When machines are started with fields open-circuited and 
sectionalized while starting, they shall be tested with 5000 volts. 

c. When machines are started with fields open-circuited and 
connected all series while starting, they shall be tested with 5000 
volts for less than 250-volt excitation and 8000 volts for excitation 
of 250 volts to 750 volts. 


Exception. Phase-Wound Rotors of Induction Motors. The 
secondary windings of wound rotors of induction motors shall be 
tested with twice their normal induced voltage, plus 1000 volts. 

When induction motors with phase-wound rotors are reversed, 
while running at approximately normal speed, by reversing the 
primary connections, the test shall be four times the normal in- 
duced voltage, plus 1000 volts. 


Exception—Switches and Circuit Control Apparatus above 600 
volts, shall be tested with 2} times rated voltage, plus 2000 volts. 


_ See $720 to 741. 
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Exception—Assembled Apparatus. Where а number of pieces 
of apparatus are assembled together and tested as an electrical unit, 
they shall be tested with 15 per cent lower voltage than the lowest 
required on any of the individual pieces of apparatus. 


Testing Transformers by Induced Voltage. Under certain con- 
ditions it is permissible to test transformers by inducing the required 
voltage in their windings, in place of using a separate testing trans- 
former. By “required voltage”, is meant a voltage such that the line 
end of the windings shall receive a test to ground equal to that re- 
quired by the general rules. 


tThe present National Electric Code power limit for a single outlet. 


*This rule does not include bell-ringing transformers of ratio 125 to 6 volts. See National 
Electric Code 
{Series ficld coils should be regarded as part of the armature circuit and tested as such. 
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Transformers with Graded Insulation shall be so marked. They 
shall be tested by inducing the required test-voltage in the transfor- 
mer and connecting the successive line leads to ground. 

‘Transformer windings permanently grounded within the trans- 
former shall be tested by inducing the required test voltage in 
such windings. (See $600). 


MEASUREMENT OF VOLTAGE IN DIELECTRIC TESTS 
OF MACHINERY 


Use of Voltmeters and Spark-Gaps in Insulation Tests. 
When making insulation tests on electrical machinery. every 
precaution must be taken against the occurrence of any spark- 
gap discharges in the circuits from which the machinery is being 
tested. А  non-inductive resistance of about one ohm рег 
volt shall be inserted in series with one terminal of the spark gap. 
If the test is made with one electrode grounded, this resistance shall be 
inserted directly in series with the non-grounded electrode. If 
neither terminal is grounded, one-half shall be inserted directly in 
series with each electrode. In any case this resistance shall be as 
near the measuring gap as possible and not in series with the tested 
apparatus. The resistance will damp high-frequency oscillations 
at the time of breakdown and limit the current which will flow. 
A water tube is the most reliable form of resistor. Carbon resistors 
should not be used because their resistance may become very low at 
high voltages. 

Fon MacHINERY OF Low  CAPACITANCE. When the ma- 
chinery under test does not require sufficient charging current to 
distort the high-voltage wave shape, or change the ratio of transfor- 
mation, the spark gap should be set for the required test voltage and 
the testing apparatus adjusted to give a voltage at which this spark 
gap just breaks down. This adjustment should be made with the 
apparatus under test disconnected. "The apparatus should then be 
connected, and with the spark gap about 20 per cent longer, the 
testing apparatus is again adjusted to give the voltage of the 
former breakdown, which is the assumed voltage of test. This 
voltage is to be maintained for the required interval. 


For MACHINERY OF HIGH CAPACITANCE. When the char- 
ging current of the machinery under test may appreciably distort 
the voltage wave or change the effective ratio of the testing trans- 
former, the first adjustment of voltage with the gap set for the 
test voltage should be made with the apparatus under test con- 
nected to the circuit and in parallel with the spark gap. 

When making arc-over tests of large insulators, leads, etc. partial 
arc-over of the tested apparatus may produce oscillations which will 
cause the measuring gap to discharge prematurely. The measured 
voltage will then appear too high. In such tests the '' equivalent '' 
ratio ' of the testing transformer should be measured by gap to within 
20% of the arc-over voltage of the tested apparatus with the tested 
apparatus in circuit. The measuring gap should then be greatly 
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lengthened out and the voltage increased until the tested apparatus 
arcs over. This arc-over voltage should then be determined by mul- 
t plying the voltmeter reading by the equivalent ratio found above. 
Direct measurement of the spark-over voltage over one gap by 
another gap should always be avoided. 


633 Measurements with Voltmeter. In measuring the voltage 
with a voltmeter, the instrument should preferably derive its 
voltage from the high-tension circuit, either directly, or by means of 
a voltmeter coil placed in the testing transformer, or through an 
auxiliary ratio transformer. И 15 permissible to measure the voltage 
at other places, such as the transformer primary provided cor- 
rections can be made for the variations in ratio caused by 
the charging current of the machinery under test, or рго- 
vided there is no material variation of this ratio. In any case, 
when the capacitance of the apparatus to be tested is such as 
to cause wave distortion, the testing voltage must be checked by a 
spark gap as set forth in §638, or by a crest voltage meter. If the 
crest-voltage meter is calibrated in crest volts, its readings must be 
reduced to the corresponding r. m. s. sinusoidal value by dividing with 
V2, 

534 Measurements with Spark Gaps. If proper precautions 
are observed, spark gaps may be used to advantage in checking 
the calibration of voltmeters when set up for the purposes of high- 
voltage tests of the insulation of machinery. 


635 Ranges of Voltages. For the calibrating purposes set forth 
іп $534 the sphere-gap shall be used for voltages above 50 kv., 
and is to be preferred down to ЗО Ку. The needle зрагК-рар тау, 
however, be used for voltages from 10 to 50 kv. 

536 The Needle Spark Gap. The needle spark gap shall consist of 
new sewing needles, supported axially at the ends of linear conductors 
which are at least twice the length of the gap. There must 
be a clear space around the gap for a radius of at least twice the gap 
length. 

537 The sparking distances in air between No. 00 sewing needle points 
for various root-mean-square sinusoidal voltages are as follows: 


TABLE VII. 
Needle-Gap Spark-Over Voltages 
(At 25°C and 760 mm. barometer) 


RMS kilovolts Millimeters R.M.S. Kilovolts | Millimeters 


О. е аа 


10 11.9 35 51 
15 18.4 40 52 
20 25.4 45 75 
25 33 50 90 
30 41 
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The above values refer to а relative humidity of 80 per cent. 
Variations from this humidity may involve appreciable variations 
in the sparking distance. 


588 The Sphere Spark-Gap. The standard sphere spark-gap shall 
consist of two suitably mounted metal spheres. When used as speci- 
fied below, the accuracy obtainable should be approximately 2 per 
cent. 


No extraneous body, or external part of the circuit, shall be nearer 
the gap than twice the diameter of the spheres. By the “gap” is 
meant the shortest path between the two spheres. 


The shanks should not be greater in diameter than 1/5th the sphere 
diameter. Metal collars, etc., through which the shanks extend, 
should be as small as practicable and should not, during any meas- 
urement, come closer to the sphere than the maximum gap length 
used in that measurement. 


The sphere diameter should not vary more than 0.1 per cent and 
the curvature, measured by a spherometer, should not vary 


more than 1 per cent from that of a true sphere of the required 
diameter. 


639 Іп using the spherometer to measure the curvature, the distance 
between the points of contact of the spherometer feet should be 
within the following limits: 


TABLE VIII 


Spherometer Specifications 


€ ——— -— — nr n —— M— — — 


Diameter of Sphere Distance between contact pointsin mm. 
in m.m. Maximum Minimum 
62.5 35 25 
125 45 35 
250 65 ‚ 45 
500 100 65 


539A In using Sphere Gaps constructed as above, it is assumed that the 
apparatus will be set up for use in a space comparatively free from 
external dielectric fields. Care should be taken that conducting 
bodies forming part of the circuit, or at circuit potential, are not so 
located with reference to the gap that their dielectric fields are super- 
posed onthe рар; e.g., the protecting resistance should not be arranged 
so as to present large masses or surfaces near the gap, even at a dis- 
tance of two sphere diameters. 
In case the sphere is grounded, the spark point of the grounded 
sphere should be approximately five diameters above the floor or 
ground. 
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540 The sparking distances between different spheres for various r.m.s 
sinusoidal voltages shall be assumed to be as follows: 


TABLE IX. 
Sphere-Gap Spark-Over Voltages 


(At 25°C and 760 mm. barometric pressure) 


Sparking Distance in Millimeters. 


Kilo- | 62.5 mm. spheres 125 mm. spheres 250 mm. spheres 500 mm. spheres 
volts | 


Опе Both One Both One Both One Both 
sphere spheres | sphere |‘spheres sphere spheres | sphere spheres 
grounded Jinsulated|grounded Jinsulated|grounded Jinsulated| grounded Jinsulated 


10 4.2 4.2 
20 8.6 8.6 5% 
30 13.5 13.5 14.1 14.1 
40 19.2 19.2 19.1 19.1 
50 25.5 25.0 24.4 24.4 .. . 
60 34.5 32.0 30 30. 29 29 
70 46.0 39.5 36 36 35 35 
80 62.0 49.0 42 42 41 41 41 41 
90 60.5 49 49 46 45 46 _ 45 
100 56 55 52 51 52 51 
120 79.7 64 63 63 62 
140 108 __ 88 78 77 74 73 
160 150 110 92 90 85 83 
180 138 109 106 97 95 
200 128 123 108 106 
220 150 141 120 117 
240 177 160 133 130 
260 210 180 148 144 
280 250 203 163 158 
300 231 177 - 171 
120 265 194 187 
340 214 204 
360 234 221 
380 255 239 
400 276 257 


The sphere gap is more sensitive than the needle gap to momentary rises of voltage 
and the voltage required to spark over the gap should be obtained by slowly closing 
the gap under constant voltage, or by slowly raising the voltage with a fixed setting 
of the gap. Open arcs should not be permitted in proximity to the gap during 
its operation, as they may affect its calibration. 


AIR-DENSITY CORRECTION-FACTORS FOR SPHERE GAPS 


541 The Spark-Over Voltage, fora given gap, decreases with decreasing 
barometric pressure and increasing temperature. This correction 
may be considerable at high altitudes. 
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The spacing at which it is necessary to set a gap to spark over at 
some required voltage, is found as follows: Divide tne required 
voltage by the correction factor given below in Table X. А new 
voltage is thus obtained. The spacing on the standard curves ob- 
tained from Table IX, corresponding to this new voltage, is the re- 
quired spacing. 

The voltage at which a given gap sparks over is found bv taking the 
voltage corresponding to the spacing from the standard curves of 
Table IX, and multiplying by the correction factor. 

When the variation from sea level is not great, the relative air 
density may be used as the correction factor; when the variation is 
great, or greater accuracy is desired, the correction factor correspond- 
ing to the relative air density should be taken from Table X below, 
in which 

0.392 b 
273 + t 

b = barometric pressure in mm. 

| = temperature in deg. C. 

Corrected curves may be plotted for any given altitude, if de- 
sircd. 

Values of relative air densitv and corresponding values of the cor- 
rection factor are tabulated below. lt will be seen that for values 
above .9, the correction factor does not differ greatly from the relative 
air density. 


Relative air density = 


TABLE X. 
Air-Density Correction Factors for Sphere Gaps 


Relative 
air Diameter of standard spheres in mm. 
density 
62.5 125 250 500 
0.50 0.547 0.535 0.527 0.519 
0.55 0.594 0.583 0.575 0.567 
0.6 0.640 0.630 0.623 0.615 
0.65 0.686 0.677 0.670 0.663 
0.70. 0.732 0.724 0.718 0.711 
0.75 0.777 0.771 0.766 0.759 
0.30 0.821 0.816 0.812 0.807 
0.85 0.866 0.862 0.859 0.855 
0.90 0.910 0.908 0.906 0.904 
0.95 0.956 0.955 0.954 0.952 
1.00 1.000 1.000 1.000 1.000 
1.05 1.044 1.045 1.046 1.048 
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INSULATION RESISTANCE OF MACHINERY 


The insulation resistance of a machine at its operating temperature 
shall be not less than that given by the following formula: 


Insulation Resist ; h voltage at terminals 
nsulation nesistance In megohms = --—— s ee 
P rated capacity in kv-a. +1000 


The formula only applies to dry apparatus. Such high values are 
not attainable in oil-immersed apparatus. 

Insulation resistance tests shall, if possible, be made at a d.c. pressure 
of 500 volts. Since the insulation resistance varies with the pressure, 
it is necessary that, if a pressure other than 500 volts is to be employed 
in any case, this other pressure shall be clearly specified. 

The order of magnitude of the values obtained by this rule is 
shown in the following table: 


TABLE XI. 
Insulation Resistance of Machinery 


Rated Megohms 
Voltage 
of machine 
100 kv-a. 
100 0.091 
1,000 0.91 
10,000 9.1 
100,000 — 


It should be noted that the insulation resistance of machinery is of 
doubtful significance by comparison with the dielectric strength. 
The insulation resistanceis subject to widevariation with temperature 
humidity and cleanliness of the parts. When the insulation 
resistance falls below that corresponding to the above rule, it can, 
in most cases of good design and where no defect exists, be broughtup 
to the required standard by cleaning and drying out the machine. 
The insulation-resistance test may therefore afford a useful indi- 
cation as to whether the machine is in suitable condition for the 
application of the dielectric test. 


REGULATION 


DEFINITIONS 


Regulation. The regulation of a machine in regard to some 
characteristic quantity (such as terminal voltage or speed) is the 
change in that quantity occurring between any two loads. Unless 
otherwise specified, the two loads considered shall be zero load and 
rated load, and at the temperature attained under normal 
operation. The regulation may be expressed by stating the nu- 
merical values of the quantity at the two loads, or it may be ex- 
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pressed bv the " percentage regulation”, which is the percentage 
ratio of the change in the quantity occurring between the two 
loads, to the value of the quantity at either one or the other load, 
taken as the normal value. It is assumed that all parts of the 
machine affecting the regulation maintain constant temperature 
between the two loads, and where the influence of temperature is of 
consequence, a reference temperature of 75°C shall be considered as 
standard. If change of temperature should occur during the tests, 
the results shall be corrected to the reference temperature of 75°C. 

The normal value may be either the no-load value, as the no-load 
speed of induction motors; or it may be the rated-load value, as in 
the voltage of a.c. generators. 

It is usual to state the regulation of d-c. generators by giving 
the numerical values of the voltage at по load and rated load, and in 
some cases it is advisable to state regulation at intermediate loads. 


661 Тһе Regulation of d-c. Generators refers to changes in voltage 
corresponding to gradual changes in load and does not relate to the 
comparatively large momentary fluctuations in voltage that fre- 
quently accompany instantaneous changes in load. 

In determining the regulation of a compound-wound d-c. репег- 
ator, two tests shall be made, one bringing the load down and the 
other bringing the load up, between no-load and rated load. 
These may differ somewhat, owing to residual magnetism. The 
mean of the two results shall be used. 


562 In constant-potential a-c. generators, the regulation is the rise 
in voltage (when the specified load at specified power factor is 
thrown off) expressed in per cent of normal rated-load voltage. 


563 In constant-current machines, the regulation is the ratio of the 
maximum difference of current from the rated-load value (occurring 
in the range from rated-load to short-circuit, or minimum limit 
of operation), to the rated-load current. 


664 Іп constant-speed direct-current motors, and induction motors, 
the regulation is the ratio of the difference between full-load and no- 
load speeds to the no-load speed. 


666 Іп constant-potential transformers, the regulation is the difference 
between the no-load and rated-load values of the secondary terminal 
voltage at the specified power factor (with constant primary im- 
pressed terminal voltage) expressed in per cent of the rated-load 
secondary voltage, the primary voltage being adjusted to such a 
value that the apparatus delivers rated output at rated secondary 
voltage. 


666 In converters, dynamotors, motor-generators and frequency 
converters, the regulation is the change in the terminal voltage of 
the output side between the two specified loads. This may be 
expressed by giving the numerical values, or as the percentage of 
the terminal voltage at rated load. 


567 In transmission lines, feeders etc., the regulation is the change 
in the voltage at the receiving end between rated non-inductive 
load and no load, with constant impressed voltage upon the sending 
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end. The percentage regulation is the percentage change in voltage 
to the normal rated voltage at the receiving end. 

568 In steam engines, steam turbines and internal combustion engines, 
the percentage speed regulation is usually expressed as the per- 
centage ratio of the maximum variation of speed, to the rated-load 
speed in passing slowly from rated load to no load (with constant 
conditions at the supply.) 

669 If the test is made by passing suddenly from rated load to no 
load, the immediate percentage speed regulation so derived shall 
be termed the fluctuation. 

570 In a hydraulic turbine, or other water motor, the percentage 
speed regulation is expressed as the percentage ratio of the maximum 
variation in speed in passing slowly from rated load to no load (at 
constant head of water), to the rated-load speed. 

571 Ina generator unit, consisting of a generator combined with a 
prime mover, the speed or voltage regulation should be determined 
at constant conditions of the prime mover; 4.6. constant steam- 
pressure, head, etc. It includes the inherent speed variations of 
the prime mover. For this reason, the regulation of a generator 
unit is to be distinguished from the regulation of either the prime 
mover, or of the generator combined with it, when taken separately. 


CONDITIONS FOR TESTS OF REGULATION 


580 Speed and Frequency. The regulation of generators is to be 
determined at constant speed, and of alternating-current apparatus 
at constant frequency. 


681 Power Factor. In apparatus generating, transforming or trans- 
mitting alternating currents, the power factor of the load to which 
the regulation refers should be specified. Unless otherwise specified, 
it shall be understood as referring to non-inductive load, that is 
to a load in which the current is in phase with the e.m f. at the out- 
put side of the apparatus. 


582 Wave Form. In the regulation of alternating-current machinery 
receiving electric power, a sine wave of voltage is assumed, except 
where expressly specified otherwise. See $406. 


683 Excitation. In commutating machines, rectifying machines, апа 
synchronous machines, such as direct-current generators and motors, 
as well as in alternating-current generators, the regulation is to be 
determined under such conditions as to maintain the field adjustment 
constant at that which gives ratcd-load voltage at rated-load 
current, as follows: 

(1) In the case of separately-excited field magnets—constant 
excitation. 

(2) In the case of shunt machines, constant resistance in the shunt- 
field circuit. 

(3) In the case of series or compound machines, constant resist- 
ance shunting the series-field windings. 
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Tests and Computation of Regulation of A-C. Generators. 

Any one of the three following methods may be used. They are 
given in the order of preference. 

Method a. 

The regulation can be measured directly, by loading the gener- 
ator at the specified load and power factor, then reducing the load to 
zero, and measuring the terininal voltage, with speed and excitation 
adjusted to the same values as before the change. This method 
is not generally applicable for shop tests, particularly on large 
generators, and it becomes necessary to determine the regulation 
from such other tests as can be readily made. : 


Method b. 
This consists in computing the regulation from experimental 


data of the open-circuit saturation curve and the zero-power- 
factor saturation curve. The latter curve, or one approximat- 


Normal Voltage 


TERMINAL VOLTAGE 


n 
` 


0 В FIELD EXCITATION 
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ing very closely to it, can be obtained by running the generator 
with over excitation on a load of idle-running under-excited syn- 
chronous motors. The power factor under these conditions is very 
low and the load saturation curve approximates very closely the zero 
power factor saturation curve. From this curve and the open circuit 
curve, points for the load saturation curve, for any power factor, can 
be obtained by means of vector diagrams. 

To apply Method b, it is necessary to obtain from test, the open- 
circuit saturation curve OA, Fig. 1, and the saturation curve BC at 
zero power factor and rated-load current. At any given excitation 
Oc, the voltage that would be induced on open circuit is ac, the ter- 
minal voltage at zero power factor is bc, and the apparent internal 
drop is ab. The terminal voltage dc at any other power factor can 
then be found by drawing an e.m.f. diagram* as in Fig. 2, where @ is 


*Method b, for deducing the load saturation curve, at any assigned power factor, 
from no-load and zero-power-factor saturation curves obtained by test, must be re- 
garded as empirical. Its value depends upon the fact that experience has demon- 
strated the reasonable correctness of the results obtained by it. 
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an angle such that cos $ is the power factor of the load, b e the resist- 
ance drop (JR) in the stator winding, ba the total internal drop, and 
ac the total induced voltage; ba and ac being laid off to correspond 
with the values obtained from Fig. 1. The terminal voltage at power 
factor cos ф, is then cb of Fig. 2, which, laid off in Fig. 1, gives point d. 
By finding a number of such points, the curve Bdd’ for power factor 
cos ф is obtained and the regulation at this power factor (expressed in 


100 X a'd' 
d' с 
at power factor cos ф is thrown off at normal voltage с’ d’. : 
Generally, the ohmic drop can be neglected, as it has very little 
influence on the regulation, except in very low-speed machines 
where the armature resistance is relatively high, or in some cases 


where regulation at unity power factor is being estimated. For low 
power factors, its effect is negligible in practically all cases. If 


per cent) is since а” d’ is the rise in voltage when the load 
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resistance is neglected, the simpler e.m.f. diagram, Fig. 3, may be 
used to obtain points on the load saturation curve for the power 
factor under consideration. 


Method c. 

Where it is not possible to obtain by test a zero-power-factor sat 
uration curve asin Method b, this curve can be estimated closely from 
open-circuit and short-circuit curves, by reference to tests at zero 
power factor on other machines of similar magnetic circuit. Having 
obtained the estimated zero-power-factor curve, the load satura- 
tion for any other power factor is obtained as in method b. 

Thus Method cis the same as Method b; except that the zero-power- 
factor curve must be estimated. This may be dune as follows. In 
Fig. 4. OA is the open-circuit saturation curve and ОЕ the short-cir- 
cuit line as shown by test. The zero-power-factor curve corresponding 
to any givencurrent BF willstart from point B,and for machines design- 
ed with low saturation and low reactance, will follow parallel to OA as 
shown by the dotted curve BD, which 1s OA shifted horizontally par- 
allel to itself by the distance OB. In high-speed machines, or in others 
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having low reactance and a low degree of saturation in the magnetic 
circuit, the zero-power-factor curve will lie quite close to BD, particu. 
larly in those parts that are used for determining the regulation. This 
is the case with many turbo-generators and high-speed water-wheel 
generators. In many cases, however, the zero-power-factor curve 
w.ll deviate from BD, as shown by BC, and the deviation will be 
most pronounced in machines of high reactance, high saturation, 
and large magnetic leakage. Тһе position of the actual curve ВС 
with relation to BD, сап be approximated with sufficient exactness 
by investigating the corresponding relation as obtained by test at zero 
power factor on machines of similar characteristics and magnetic 
circuit. Or curve BC can be calculated by methods based on the 
results of tests at zero power factor. After BC has been obtained, 
the saturation curve and regulation for any other power factor can 
be derived as in Method (b). 


TERMINAL VOLTAGE 
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Tests and Computation of Regulation for Constant-Potential 
Transformers. 

The regulation can be determined by loading the transformer 
and measuring the change in voltage with change in load, at the speci- 
fied power factor. This method is not generally applicable for shop 
tests, particularly on large transformers. 

The regulation for any specified load and power factor can be 


computed from the measured impedance watts and impedance volts, 
as follows: 


Let: 
P = impedance watts, as measured in the short-circuit test at 
75°C. 
Es = impedance volts, as measured in the short-circuit test. 
IX = Reactance Drop in Volts. 
I = Rated Primary Current. 
E = Rated Primary Voltage. 
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dr = percent drop in phase with current. 
qx = percent drop in quadrature with current. 


m „Мы (LY 


P 

= 100—— 
qr 00771 
IX 

qx 7100— — 


Then— 
1.’ For unity power factor, we have approximately :- 


: Qx 
Per cent regulation = + = 
Š dir 200 
2. For inductive loads of power-factor m and reactive-factor n, 
mqx — nqr)? 
Рег cent regulation = mq, + nqx + AU р 


TRANSFORMER CONNECTIONS 


SINGLE-PHASE TRANSFORMERS 

Marking of Leads. 

The leads of single-phase transformers shall be distinguished 
from each other by marking the high-voltage leads with the letters 
А and B, and the low-voltage leads with the letters X and Y. They 
shall be so marked that the potential difference between A and B 
shall have the same direction at any instant as the potential dif- 
ference between X and Y. 

In accordance with the above rule, the terminals of single-phase 
transformers shall be marked as follows: 

(1) High- and Low-Voltage Windings in Phase: 
A B 
X Y 


(2) High- and Low-Voltage Windings 180 deg. Apart in Phase: 


A 
Y 


B 
X 


To operate transformers thus marked in parrallel,it is only neces- 
sary to connect similarly marked terminals together, (provided 
that the reactances and resistances of the transformers are such 
as to permit of parallel operation). 

Single-Phase Transformers with More Than Two Windings. 

Transformers possessing three or more windings (each being 
provided with separate out-going leads), shall have the leads con- 
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nected to two of their windings, lettered in accordance with the 
preceding paragraph. The remaining leads shall be distinguished 
from the others by a subscript. For example, transformers possess 
ing four secondary leads connected to two distinct similar wind 
ings for multiple-series operation, shall be lettered as follows: 


A B 
А | 
\ Х; Y; 
This indicates that the low-voltage winding consists of two dis- 
connected parts, one part having terminals X Y and the other part 
having terminals X4,Y;. For multiple connection, X and X, аге 


connected together and Y and Yı are connected together. For 
series connection, Y is connected to Ху. 


Neutral Lead 
An out-going 50 per cent. /neutral) tap lead should be lettered N. 


Internal Connections 

The manufacturer shall furnish a complete diagrammatic sketch 
of internal connections, and all taps and terminals of the transformer 
shall be marked to correspond with numbers or letters in the sketch. 


THREE-PHASE TRANSFORMERS 


Three-phase transformers ordinarily have three or four leads for 
high-voltage, and three or four leads for low-voltage windings. То 
distinguish the various leads from each other, and also to distinguish 
between the various phase relations obtainable, the three high-vol- 
tare leads should be lettered A B C and the three low-voltage leads 
XYZ. In addition, it should be distinctly stated in which of the 
three groups given in the following diagram the transformer 
belongs. | 


GROUP 1 
Angular 
Displacement 
О e 


GROUP П 
Angular 


Displacement? 
180° 


GROUP Ш 
Angular 
Displacement 
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The rules given above Jor single-phase transformers in regard to 
the neutral tap, (See $605) and also in regard to internal connec- 
tions, (See 8600 to 8604) are applicable to three-phase transformers. 


Angular Displacement. , 

The angular displacement between high- and low-voltage windings, 
is the angle in the diagram in $607, between the lines passing 
from the neutral point through A and X respectively. Thus, in 
Group 1, the angular displacément is zero degrees. In Group 2, the 
angular displacement is 180°, and in Group 3 the angular displace- 
ment is 30°. 


Parallel Operation of Three-Phase Transformers. 

Three-phase transformers, lettered in accordance with the above 
rules, will operate correctly in parallel, if at their rated loads, their 
percentage resistance drops are equal, and their percentage reactance 
drops, are equal. It is furthermore necessary that the angular 
displacements between high-voltage and low-voltage windings shall 
be equal, $.е. that the transformers shall belong to the same group 
in the diagram in $607. It is then only necessary to connect 
together similarly marked leads. 


INFORMATION ON THE RATING PLATE OF A MACHINE 
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It is recommended that the rating plate of machines which 
comply with the Institute rules shall carry a distinctive special 
sign, such as “ A.I.E.E. 1915 Rating" or "A15" Rating. 


The absence of any statement to the contrary onthe rating plate 
of a machine implies that it is intended for continuous service and for 
the standard altitude and ambient temperature of reference. See 
$5287, 305, 308 and 309. 


The rating plate of a machine intended to work under various 
kinds of rating must carry the necessary information in regard to 
those kinds of ratings. 


The rating plate, in addition to the name of the manufacturer 
and the serial number, should give the following information.* 


Generator, Direct-Current. 

Shunt, series, or compound. 

Output, in kw., with statement as to the kind of rating. 
Terminal pressure, in volts. 

Current, in amperes. 

Speed, in revolutions per minute. 


Motor, Direct-Current. 

Shunt, series, or compound. 

Output, in kw., with statement as to the kind of rating. 
Terminal pressure, in volts. 

Current, approximate, in amperes. 

Speed, in revolutions per minute. 


*Information, for which space on the rating plate cannot be provided, shall be 
furnished on a supplementary rating certificate. 
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Transformer. 

Frequency, in cycles per second. 

Number of phases. 

Output at the secondary terminals in kv-a., with statement as to 


the kind of rating. 


High pressure, in volts. 
Low pressure, in volts. See 88203, 203 and 204 
Lead markings and diagram of internal connections, as set forth in 


§600 to 609. 


Alternator. 

Frequency, in cycles per second. 

Number of poles. 

Number of phases. 

Output, in kv-a., with statement as to the kind of rating. 

Power-factor corresponding to rated output. 

Pressure between terminals, in volts, corresponding to the rated 
output. 

Current in amperes. 

Speed in revolutions per minute. 

Synchronous Motor. 


Frequency, in cycles per second. 

Number of poles. 

Number of phases. 

Mechanical output, in kw., with statement as to the kind of rating. 
Pressure between terminals, in volts, corresponding to the rated 


output. 


Current in amperes. 
If the motor is intended to work with a power factor different 


from unity, the necessary information shall be given. 


Speed, in revolutions per minute. 


Synchronous Converter. 

Frequency in cycles per second. 

Number of poles. 

Number of phases. 

Output at commutator іп kilowatts, with statement as to 


kind of rating. 


D.c. terminal pressure in volts. 
Current from commutator in amperes. 
Speed in revolutions per minute. 


Induction Motor. 

Frequency, in cycles per second. 

Number of poles. 

Number of phases. 

Mechanical output, in kw., with statement as to the kind of rating. 
Pressure between terminals, in volts. 

Current, in amperes. 

Speed, in revolutions per minute, at rated output. 
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STANDARDS FOR WIRES AND CABLES 


TERMINOLOGY* 
636 Wire.—A slender rod or filament of drawn metal. 


The definition restricts the term to what would ordinarily be under- 
stood by the term “solid wire." Іп the definition, the word " slender’ 
is used in the sense that the length is great in comparison with the 
diameter. Ifa wireis covered with insulation, it is properly called an in- 
sulated wire; while primarily the term '' wire ” refers to the metal, never- 
theless when the context shows that the wire is insulated, the term “wire "° 
will be understood to include the insulation. 


636 Conductor.—A wire or combination of wires not insulated from 
one another, suitable for carrying a single electric current. 

The term " conductor " is not to include a combination of conductors 
insulated from one another, which would be suitable for carrying several 
different electric currents. 

Rolled conductors (such as busbars) are, of course, conductors, but are 
not considered under the terminology here given. 


687 Stranded Conductor.—A conductor composed of a group of 
wires, or of any combination of groups of wires. 
The wires іп a stranded conductor are usually twisted or braided toe 
gether. 


638 СаМе.-(І) А stranded conductor (single-conductor cable); or 
(2) a combination of conductors insulated from one 
another (multiple-conductor cable). 


The component conductors of the second kind of cable may be either 
solid or stranded, and this kind of cable may or may not have a eommon 
insulating covering. The first kind of cable is a single conductor, while the 
second kind is a group of several conductors. The term '' cable '' is applied 
by some manufacturers to a solid wire heavily insulated and lead-covered; 
this usage arises from the manner of the insulation, but such & conductor 
is not included under this definition of * cable.” The term “ cable '' is 
a general one, and, in practise, it is usually applied only to the larger sizes. 
A small cable is called a “ stranded wire " or a '' cord," both of which аге 
defined below. Cables may be bare or insulated, and the latter may be ar- 
mored with lead, or with steel wires or bands. 


639  Strand.—One of the wires, or groups of wires, of any stranded 
conductor. 


640 Stranded Wire.—A group of small wires, used as a single wire. 


A wire has been defined as a slender rod or filament of drawn metal. 
If such a filament is subdivided into several smaller filaments or strands, 
and is used as a single wire, it is called a '' stranded wire." There is no 
sharp dividing line of size between a "stranded wire '" and a “ cable.” 
If used as a wire, for example in winding inductance coils or magnets, it is 
called a stranded wire and not a cable. If it is substantially insulated, it 
is called a “ cord," defined below. 


*From Circular No. 37 of the Bureau of Standards. 
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Cord —A small and very flexible cable, substantially insulated 
to withstand wear. 


There is no sharp dividing line in respect to size between a “cord” 
and a “саМе,” and likewise no sharp dividing line in respect to the character 
of insulation between a “cord” and a “ stranded wire." Rubber is 
used as the insulating material for many classes of cords. 

Concentric Strand.—A strand composed of a central соге 
surrounded by one or more layers of helically-laid wires or groups of 
wires. 


Concentric-Lay Cable.—-A single-conductor cable composed of a 
central core surrounded by one or more layers of helically-laid wires. 


Rope-Lay  Cable.—4A  single-conductor cable composed of a 
central core surrounded by one or more layers of helically-laid 
groups of wires. 

This kind of cable differs from the preceding in that the main strands 
are themselves stranded. 

N-Conductor Cable.—A combination of М conductors insu- 
lated from one another. 


It is not intended that the name as here given be actually used. One 
would instead speak of a ''3-conductor cable," а ''12-conductor cable” 
etc. In referring to the general case, one may speak of a '' multiple-con- 
ductor cable " (as in definition $638 above.) 

N-Conductor Concentric СаМе.-А cable composed of an 
insulated central conducting core with (N — 1) tubular stranded con- 
ductors laid over it concentrically and separated by layers of in- 
sulation. 

This kind of cable usually has only two or three conductors. Such 
cables are used for carrying alternating currents. The remark on the 
expression '"N-conductor'' given for the preceding definition applies here also. 

Duplex Cable.—'l'wo insulated single-conductor cables, twisted 
together. 

They may or may not have a common insulating covering. 

Twin Cable.—T wo insulated single-conductor cables laid paral- 

lel. having a common covering. 


Triplex — Cable.— Three insulated single-conductor | cables 
twisted together. 


They may or may not have a common insulating covering. 


Twisted Pair.—T wo small insulated conductors, twisted to. 
gether, without a common covering. 


are usually substantially in- 
" cord." 


The two conductors of a '' twisted pair ' 

sulated, so that the combination is a special case of a 

Twin Wire.—Two small insulated conductors laid parallel 
having a common covering. 


"SPECIFICATION OF SIZES OF CONDUCTORS 


The sizes of solid wires shall be stated by their diameter in mils, the 
American Wire Gage (Brown and Sharpe) sizes being taken as stand- 
ard. The sizes of stranded conductors shall be stated by their cross- 
sectional area in circular mils. For brevity, in cases where the most 
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careful specification is not required, the sizes of solid wires may be 
stated by the gage number in the American Wire Gage, and the sizes of 
stranded conductors smaller than 250,000 circular mils (4.e., No. ОООО 
A.W.G. or smaller) may likewise be stated by means of the gage 
number in the American Wire Gage of a solid wire having the 
same cross-sectional area. Futhermore, an exception is made in the 
case of '" Flexible Stranded Conductors,” for which see $655 below. 
In stating large cross-sections, it is sometimes convenient to use 
a circular inch (507 sq. mm.) instead of 1,000,000 circular mils. 


STRANDING 


Cables not requiring special flexibility shall be stranded in ac- 
cordance with the following table. 


TABLE XII 
Standard Stranding of Concentric-Lay Cables 


Number of Wires. 


SIZE A B C 
Bare Cables for |Weatherproof Cables Insulated 

(See Note 1.) AERIAL USE* |for AERIAL USE* Cables 
2.0 Cir. Inches 91 127 
1.5 61 91 
1.0 61 61 
0.6 37 61 
0.5 37 37 
0.4 19 37 
0000 A. W. С 7 19 
00 7 19 

2 (See Note 2) (See Note 2) 7 

9 (See Note 2) (See Note 2) (See Note 2) 


(1) For intermediate sizes, use stranding for next larger size. 
(2) Solid Wire is recommended. 


*Tentatively adopted pending ratification by other societies interested. 


Sectional Area of Cables. The cross-sectional area of a 
cable shall be considered to be the sum of the cross-sectional areas of 
its component wires, when laid out straight and measured perpendicu- 
lar to their axes. 


Flexible Stranding. Conductors of special flexibility should 
ordinarily be made with wires of regular A. W.G. sizes, the number of 
wires and size being given. The approximate gage number or ap- 
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proximate circular mils of such flexible stranded conductors may be 
stated. The following stranding table is suggested. 


TABLE XIII 
Proposed Standard Stranding of Flexible Cables* 
Nearest Size of Each Make-up 
A. W. G. Size Circular Number of Wire (See Note 2) 
(See Note 1) Mils Wires A. W.G. . 
- 1,102,941 427 16 61х7 
- 874,496 427 17 я 
- 693,448 427 18 =; 24 
_ 549,976 427 19 ui 
_ 436.394 427 20 ш 
- 345,913 427 21 А 
- 274,390 427 22 s 
- 264,698 259 20 37x7 
0000 209,816 259 21 * 
000 166,433 259 22 ы 
00 135.926 133 20 19x7 
0 107,743 ___ 133 21 Е 
1 85,466 133 22 s 
2 67,764 133 23 a 
3 53,732 133 24 7 
4 39,695 49 21 7x7 
5 31,487 49 22 5 
6 24,966 49 23 s 
7 19,796 49 24 i 
8 15,700 49 25 Optional (See 
Note 3) 
9 12,451 49 26 s 
10 9,854 49 27 “ 
11 7,830 49 28 р 
12 6,208 49 29 “ 
Smaller To equal re- 30 Bunched 


quired size 


Note 1. The A. W. G. sizes are approximated within 5 per cent. 
Note 2. 61x7 signifies a rope-lay cable composed of 61 strands of 7 wires each. 
Note 3. Rope-lay or bunched. 


* This table is offered for consideration but will not be recommended for final 
adoption until ratified by other societies interested. The addition of another Table 
giving a further degree of flexibility is under consideration. The stranding of No. 4 
A. W. G. and smaller sizes, is particularly open for discussion. 


656 Correction for Lay. Тһе resistance and mass of a stranded 
conductor are greater than in a solid conductor of the same cross- 
sectional area, depending on the lay (4.e., the pitch of the twist of the 
wires). Two per cent shall be taken as the standard increment of 
resistance and of mass. In cases where the lay is definitely known, 
the increment should be calculated and not assumed. 

The direction of lay is the lateral direction in which the strands 
of a cable run over the top of the cable as they recede from an ob- 
server looking along the axis of the cable. 
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CONDUCTIVITY OF COPPER. 


The following I. E. C. rules are adopted:* 

The following shall be taken as normal values for standard an- 
nealed copper: 

(1) At a temperature of 20?C., the resistance of a wire of 
standard annealed copper one meter in length and of a uniform 
section of 1 square millimeter is 1/58 ohm = 0.017241... .. ohm. 

(2) At a temperature of 20°C., the density of standard annealed 


'copper is 8.89 grams per cubic centimeter. 
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(3) At a temperature of 20°C, the “ constant mass” tem- 
perature coefficient of resistance of standard annealed copper. 
measured between two potential points rigidly fixed to the wire, is 
0.00393 = 1/254.45....рег degree centigrade. 

(4) Аза consequence, it follows from (1) and (2) that, at a tem- 
perature of 20 °C. the resistance of a wire of standard annealed 
copper of uniform section, one meter in length and weighing one 
gram,is (1/58) X 8.89 = 0.15328...... ohm.1$ 

Copper Wire Tables. The copper-wire Tables published bv the 
Bureau of Standards in Circular No. 31 are adopted. "These Tables 
are based upon the I. E. C. rules stated in $676. 


HEATING AND TEMPERATURE OF CABLES. 


Maximum Safe Limiting Temperatures. 

The maximum safe limiting temperature in degrees C. at the 
surface of the conductor in a cable shall be:— 

For impregnated paper insulation (85—E) 

“ varnished cambric (75--Е) 

“ rubber insulation (60—0.25E) 
where E represents the r.m.s. operating e.m.f. in kilovolts be- 
tween conductors. 

Thus, at a working pressure of 3.3 kv., the maximum safe limit- 
ing temperature at the surface of the conductor, or conductors, in 


a cable would be:— 
For impregnated paper 81.7?C. 
" varnished cambric 71 7° C. 
rubber insulation 59.2°C. 


ELECTRICAL TESTS. 


Lengths Tested. Electrical tests of insulation on wires and 
cables shall be made on the entire lengths to be shipped. 


*See I. E. C. Publication No. 28 '' International Standard of Resistance for Cop- 
per " March 1914. 

tParagraphs (1) and (4) of $675 define what are sometimes called “ volume re- 
sistivity," and ''mass resistivity " respectively. This тау be expressed in other 
units as follows:— volume resistivity - 1.7241 microhm-cm. (or microhms in a 
cm. cube) at 20 °C. = 0.67879 microhm-inch at 20 °C., and mass resistivity w 
875.20 ohms (mile, pound) at 20 ?C. 
Рог detailed specifications of commercial copper, see the “ Standard Specifications’ 
of the American Society for Testing Materials. 
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Immersion in Water. Electrical tests of insulated conductors not 
enclosed in a lead sheath, shall bemade while immersed in water after 
an immersion of twelve (12) hours,if insulated with rubber compound, 
or if insulated with varnished cambric. It is not necessary to im- 
merse in water insulated conductors enclosed in a lead sheath. 

In multiple-conductor cables, witbout waterproof overall jacket 
of insulation, no immersion test should be made on finished cables, 
but only on the individual conductors before assembling. 

% 


Dielectric-Strength Tests. Object of Tests. Dielectric tests 
are intended to detect weak spots in the insulation and to deter- 
mine whether the dielectric strength of the insulation is sufficient for 
enabling it to withstand the voltage to which it is likely to be sub- 
jected in service, with a suitable factor of assurance. 

The initially-applied voltage must not be greater than the work- 
ing voltage, and the rate of increase shall not be over 100 per cent 
in 10 seconds. 


Factor of Assurance. The factor of assurance of wire or cable 
insulation shall be the ratio of the voltage at which it is tested to that 
at which it is used. | 


Test Voltage. Тһе dielectric strength of wire and cable insula- 
tion shall be tested at the factory, by applying an alternating test 
voltage between the conductor and sheath or water. 


The Magnitude and Duration of the Test Voltage should depend 
upon the dielectric strength and thickness of the insulation, the 
length and diameter of the wire or cable, and the assurance factor 
required, the latter in turn depending upon the importance of the 
service in which the wire or cable is employed 


The following test voltages shall apply unless a departure 1s con- 


-sidered necessary. іп view of the above circumstances. Rubber 


covered wires or cable for voltages up to 7 kv. shall be tested in 
accordance with the National Electric Code. Standardization for 
higher voltages for rubber insulated cables is not considered possible 
at the present time. 

Varnished cambric and impregnated paper insulated wires or cables 
shall be tested at the place of manufacture for five (5) minutes in 
accordance with the Table XIV below. 


TABLE XIV ` 


Recommended Test Kilovolts Corresponding to Operating Kilovolts 


Operating kv. Test kv. Operating kv. Test kv. 
Below 05 2.0“ 5 14 . 
0.5 3 10 25 
1 4 15 35 
2 6.5 20 44 
3 9 25 53 
4 11.5 


*The minimum thickness of insulation shallbe 1/16” (1-6 mm.) 
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Different engineers specify different thickness of insulation for 
the same working voltages. Therefore, at the present time the test 
kv. corresponding to working kv. given in Table XIV are based 
on the minimum thickness of insulation specified by engineers 
and operating companies.f 


685 The Frequency of the Test Voltage shall not exceed 100 cycles per 
second, and should approximate as closely as possible to a sine wave. 
The source of energy should be of ample capacity. 

66 Where Ultimate Break-Down Tests are required, these shall be 
made on samples not more than 6 meters (20 ft.) long. The maximum 
allowable temperature at which the test is made for the particular 
type of insulation and the particular working pressure, shall not be 
greater than the temperature limits given in $ 677. 

687 Multiple-Conductor Cables. Each conductor of a multiple-con. 
ductor cable shall be tested against the other conductors con- 
nected together with the sheath or water. 


INSULATION RESISTANCE 


688 Definition. The insulation resistance of an insulated conductor 
is the electrical resistance offered by its insulation, to an impressed 
voltage tending to produce a leakage of current through the same. 

689 Insulation Resistance shall be expressed in megohms for а speci- 
fied length (as for a kilometer, or a mile, or one thousand feet), and 
shall be corrected to a temperature of 15.5? C. using а tempera- 
ture coefficient determined experimentally for the insulation under 
consideration. 


690 Linear Insulation Resistance, or the insulation resistance of Unit 
Length, shall be expressed in terms of the megohm- kilometer, or 
the megohm-mile, or the megohm-thousand-feet, 


691 Megohms Constant. The Megohms Constant of an insulated 
conductor shall be the factor “ K "іп the equation 


D 
R = K logio Fa 


where R = The insulation resistance, in megohms, for a specified 
unit length. 

D = Outside diameter of insulation. 

d = Diameter of conductor. 
Unless otherwise stated, K will be assumed to correspond to the mile 
unit of length. 


692 Test. The apparent insulation resistance should be measured 
after the dielectric-strength test, measuring the leakage current 
` after a one-minute electrification, with a continuous e.m.f. of from 
100 to 500 volts, the conductor being maintained positive to the 
sheath or water. 


tThe Standards Committee does not commit itself to the principle of basing 
test voltages on working voltages, but it is not yet in possession of sufficient data 
to base them upon the dimensions and physical properties of the insulation. 
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Multiple-Conductor Cables. The insulation resistance of each 
conductor of a multiple-conductor cable shall be the insulation re- 
sistance measured from such conductor to all the other conductors in 
multiple with the sheath or water. 


CAPACITANCE OR ELECTROSTATIC CAPACITY 


Capacitance is ordinarily expressed in microfarads. Linear Ca- 
pacitance, or Capacitance per unit length, shall be expressed іп 
Microfarads per unit length (kilometer, or mile, or one thousand feet) 
and shall be corrected to a temperature of 15.5° C. 


Microfarads Constant. Тһе Microfarads Constant of ап insu- 
lated conductor shall be the factor “ К "іп the equation 
K 
C = 
Logio 


d 
where C = the capacitance in microfarads per unit length. 


D = the outside diameter of insulation. 
d = the diameter of conductor. 


Unless otherwise stated, K will be assumed to refer to the mile 
unit of length. 


Measurement of Capacitance. The Capacitance of low-voltage 
cable, shall be measured by comparison with а standard 
condenser. For long lengths of high-voltage cables, where it is 
necessary to know the true capacitance, the measurement should be 
made at a frequency approximating the frequency of operation. 


Paired Cables. The capacitance shall be measured between the 
two conductors of any pair, the other wires being connected to the 
sheath or ground. 


Electric Light and Power Cables. The capacitance of low- 
voltage cables is generally of but little importance. The capacitance 
of high-voltage cables should be measured between the conduc- 
tors, and also between each conductor and the other conductors 
connected to the lead sheath or ground. 

Multiple-Conductor Cables (not paired). The capacitance of 
each conductor of a multiple-conductor cable shall be the capacitance 
measured from such conductor to all of the other conductors in mul 
tiple with the sheath or the ground. 
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STANDARDS FOR SWITCHES AND OTHER CIRCUIT- 
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| CONTROL APPARATUS* 


SWITCHES 


The following Rules apply to Switches of above 600 volts. (For 
600 volts and below, see National Electric Code.) 

Definition. A switch is a device for making. breaking. or 
changing connections in an electric circuit. 

Rating. 

(a) By amperes to be carried with not more than 30 °C. rise 

on contacts and current-carrying parts. 

(b) By normal voltage of circuit on which it may be used. 


Performance and Tests. 
(a) Heating Test with rated current аррией continuously until 
temperature is constant; ambient temperature 40 °C. 
(b) Dielectric Test at 2% times rated voltage plus 2000. See 
5609. 


CIRCUIT BREAKERS 


Definition. A device designed to open a current-carrying circuit 
without injury to itself. A circuit breakerf{ may be: 

(a) Ап automatic circuit-breaker, which is designed to trip 
automatically under any predetermined condition of the circuit, 
such as an underload or overload of current or voltage. 

(b) A manually tripped circuit-breaker, which is designed to be 
tripped by hand. 

Both types of operation may be combined in one and the same 
device. 

Rating. 

(а) By normal current-carrying capacity. 

(b) By normal vo'tage. 

(с) By amperes which it can interrupt at normal voltage of the 
circuit. 


Performance and Tests. The heating test shall be made with 
normal current, In oil circuit breakers the same oil must be used 
for heating tests as for rupturing tests. The rise of temperature at 
the contacts shall not exceed 30 °С. The Rise on tripping solenoids 
and accessory parts not to exceed 50 °C. Ambient temperature of 
reference, 40 °С: 

*These rules do not apply to magnetically-operated or air-operated switches 
used for motor control. 

tBy the term “ Code" is meant “ National Electrical Code '' as recommended by 
the National Fire Protection Association. 

{These rules refer only to circuit breakers of above 550 volts. For 550 volts and 
below, see the National Electric Code, 
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Dielectric Test. Sameas $723. 


Rupturing Test must be made with the current specified under 
$725 (c), and at normal voltage. 

NoTE. Although circuit breakers should be considered as de- 
vices alone, no account being taken, in the rating, of the system on 
which they are to be used: yet in applying circuit breakers to any 
given service, it may be necessary to take into account the system 
on which they are to be used, with all its characteristics. 

Allowances must be made for the reactance, resistance, etc., of 
the circuit to be controlled, as these have a direct bearing on the 
maximum current flow. 

In some systems it has been found that the pressure rises so high 
during switching, that higher insulation tests than that specified 
in $723 should be given. 


FUSES 


(For circuits up to and including 600 volts, sec National Electric 
Code) 
Definition. А fuse is an element designed to melt or dissipate at 
a predetermined current value, and intended to protect against ab- 
normal conditions of current. 
Note. (The terminals, tubes, etc. which go with the fuse proper 
are included in the definition). 


Rating. Fuses shall be rated at the maximum current which 
they are required to carry continuously, and at the normal 
voltage of the circuit on which they are designed to be used. 

Fuses may be divided into two classes: 

(1) Those designed to protect the circuit and apparatus both against 
short circuit and against definite amounts of overload (e.g. fuses of the 
National Electric Code which open on 25 per cent overload). 

(2) Those designed to protect the svstem only against short 
circuits; (e.g. expulsion fuses, which blow at several times the cur- 
rent which they are designed to carry continuously). The line 
separating these two classes is not definitely fixed. 


Temperature. Coils or windings (such as accompany fuses 
of the magnetic blow-out type) should not exceed the limits set for 
machine coils having the same character of insulation. (Sec §§876 
to 379). The highest temperature for the fuse proper should 
not exceed the safe limit for the material emploved (e.g. the temper- 
ature of the fibre tube of an enclosed fuse should not exceed the 
safe limit for this material, but an open-link metal fuse may be run 
at any temperature which will not injure the fuse material; except 
that no application of the above rule shall contravene the Nation- 
al Electric Code). 


Test. For fuses intended for use on circuits of small capacity, 
or in protected positions on svstems of large capacitv see Nation- 


Notre. Complete standardization of these fuses above 600 volts, according to the 
method of the National Electric Code. is not advisable at this time, but is expected 
to be accomplished by an eventual extension of the National Electric Code. Until 


such extension is made, the following definitions and ratings may be followed. 
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al Electric Code For large power fuses intended for service similar 
to that required of circuit breakers, see §724 to 728, or the Nation- 
al Electric Code, as far as the latter applies. 


LIGHTNING ARRESTERS 


Definition. A lightning arrester is a device for protecting circuits 
and apparatus against lightning or other abnormal potential rises of 
short duration. 


Rating. Arresters shall be rated by the voltage of the circuit on 
which they are to be used 
Lightning arresters may be divided into two classes: 


(a) Those intended to discharge for a very short time. 
(b) Those intended to discharge for a period of several minutes. 


Performance and Tests. Dielectric Test same as §728. 

The resistance of the arrester at double potential and also at 
normal potential, shall be determined by observing the discharge 
currents through the arrester. 

(c) In the case of any arrester using a gap, a test shall be made 
of the spark potential on either direct-current or 60-cycle a-c. ex- 
citation. 

(d) The equivalent sphere gap under disruptive discharge shall 
also be measured, using a considerable quantity of electricity. 

(e) The endurance of the arrester to continuous surges shall 
be tested. 


PROTECTIVE REACTORS 


De‘inition. A reactor (See §82 and 214) is a device for protecting 
circuits by limiting the current flow and localizing the disturbance 
under short-circuit conditions. 

Rating. 

(a) In kilovolt-amperes absorbed by normal current. 

(b) By the normal current, frequency and line (delta) voltage 
for which the reactor is designed. 

(c) By the current which the device is required to stand under 
short-circuit conditions. 

Performance and Tests. 

The Heat Test shall be made with normal current and 
frequency applied until the temperature is constant. The tem- 
perature should not exceed the safe limits for the materials em- 
ployed. See §§876 to 379. 

Dielectric Test. 2} times line voltage plus 2000, for one minute, 
from conductor to ground. 

Note. The reactor shall be so designed as to be capable of 
withstanding, without mechanical injury, rated current at normal] 
frequency, suddenly applied. 


RESISTOR OR RHEOSTAT 


Definition. Any device heretoforecommonly known asa resistance, 
used for operation or control. (881) See National Electric Code. 
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INSTRUMENT TRANSFORMERS 


Definition. An instrument transformer is a transformer for use 
with measuring instruments, in which the conditions in the primary 
circuit as to current and voltage are represented with high nu- 
merical accuracy іп the ѕесоп 1лгу circuit. 

Under this heading and for more general use: 


(a) A current transformer is a transformer designed for series 
connection in its primary circuit with the ratio of transformation 
appearing as a ratio of currents. 


(b) A potential (voltage) transformer is a transformer designed 
for shunt or рагаП-! connectio 1 in its primary circuit, with the ratio of 
transformation appearing as a ratio of potential differences (voltages). 

For further definitions relative to instrument transformers, see 

206-207. 

For the dielectric test of potential transformers, see §600, and 
for the dielectric test of current transformers, see $609. 

Further standards concerning instrument transformers are still 
under discussion. 
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STANDARDS FOR ELECTRIC RAILWAYS 


DEFINITIONS 


Transmission System: When the current generated for an 
electric railway is changed in kind or voltage, between the gen- 
erator and the cars or locomotives, that portion of the conductor 
system carrying current of a kind or voltage substantially different 
from that received by the cars or locomotives, constitutes the frans- 
mission syslem.* 


Distribution System: That portion of the conductor system 
of an electric railway which carries current of the kind and 
voltage received by the cars or locomotives, constitutes the distri- 
bution system." | 

Substation: А substation is a group of apparatus or ma- 
chinery which receives current from a transmission system, changes 
its kind or voltage, and delivers it to a distribution system. 


RATING OF RAILWAY SUBSTATION MACHINERY 


Continuous Rating. The rating of a substation machine shall 
be the kv-a. output at a stated power factor input, which it will 
deliver continuously with temperatures or temperature rises not 
exceeding the limiting values given in Sections $76 and $79 and also 
fulfilling the other requirements set forth in these rules and sum- 
marized in Section 260. 

Momentary Loads. These machines should be capable of carrying 
a load of twice their rating for one minute, after a continuous run at 
rated load, without disqualifying them for continuous service. 


Nominal Rating. Where the continuous rating is inconvenient, 
the following nominal rating may be used. The nominal rating of a 
substation machine shall be the kv-a. output at a stated power factor 
input, which, having produced a constant temperature in the machine 
may be increased 50 per cent. for two hours, without producing 
temperatures or temperature rises exceeding by more than 5?C. the 
limiting values given in $376 and 379. These machines should be 
capable of carrying a load of twice their nominal rating for a period 
of one minute, without disqualifying them for continuous service. 
The name plate should be marked '' nominal rating." 


CONDUCTOR AND RAIL SYSTEMS. 


Contact Conductors. That part of the distribution system other 
than the traffic rails, which is in immediate electrical contact with 


*These definitions are identical in sense, although not in words, with those 
of the Interstate Commerce Commission, as given in their Classification of Accounts 
for Electric Railways. 
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the circuits of the cars or locomotives. constitutes the contact 
conductors. 


Contact Rail: A rigid contact conductor. 


OVERHEAD CoNTACT RAIL: А contact rail above the elevation 
o° the maximum equipment line.f 


THIRD RAIL: A contact conductor placed at either side of the 
track, the contact surface of which is a few inches above the level 
of the top of the track rails. 


CENTER CONTACT RAIL: А contact conductor placed between the 
track rails, having its contact surface above the ground level. 


UNDERGROUND Сохтаст КАШ: А contact conductor placed 
beneath the ground level. 


GAGE OF THIRD Ratt: The distance, measured parallel to the 
plane of running rails, between the gage line of the nearer track rail 
and the inside gage line of the contact surface of the third rail. 


ELEVATION OF THIRD RAIL: The elevation of the contact-surface 
of the third rail, with respect to the plane of the tops of running 
rails. 


STANDARD GAGE OF THIRD RaiLs: Тһе gage of third rails shall 
be not less than 26 inches (66 cm.) and not more than 27 inches (68.6 
cm.). 


STANDARD ELEVATION OF THIRD RAILS: The elevation of third 
rails shall:be not less than 23 inches (70 mm.), and not more than 
34 inches (89 mm.). 

THIRD Кап. PROTECTION: <A guard for the purpose of preventing 
accidental contact with the third rail. 


Trolley Wire: А flexible contact conductor, customarily sup- 
ported above the cars. 


Messenger Wire or Cable: A wire or cable running along with 
and supporting other wires, cables or contact conductors. 

A primary messenger ts directly attached to the supporting system. 
A secondary messenger is intermediate between a primary messenger 
and the wires, cables or contact conductors. 

Classes of Construction: Overhead trollev construction will be 
classed as Direct Suspension and Messenger or Catenary Suspension. 

DIRECT SUSPENSION: All forms of overhead trolley construction 
in which the trolley wires are attached, by insulating devices. directly 
to the main supporting system. 

MESSENGER OR CATENARY SUSPENSION: АП forms of overhead 
trolley construction in which the trolley wires are attached, by suit- 
able devices, to one or more messenger cables, which in turn may be 
carried either in Simple Catenary, t.e., by primary messengers, or in 
Compound Catenary, i.e., by secondary messengers. 

SUPPORTING SYSTEMS shall be classed as follows: 


SIMPLE CRoss-SPAN SYSTEMS: Those systems having at each sup- 
port a single flexible span across the track or tracks. 


^ fThe contour which embraces cross-sections of all rolling stock under all normal 
operating conditions. 
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802 


MESSENGER CROSS-SPAN SYSTEMS: Those systems having at eac 
support two or more flexible spans across the track or tracks, the uppe 
span carrying part or all of the vertical load of the lower span. 


BRACKET SYSTEMS: Those systems having at each support an 
arm or similar rigid member, supported at only one side of the track 
or tracks. 


BRIDGE SYSTEMS: Those systems having at each support a rigid 
member, supported at both sides of the track or tracks. 


STANDARD HEIGHT OF TROLLEY WIRE ON STREET AND INTERURBAN 
RAILWAYS: It is recommended that supporting structures shall be 
of such height that the lowest point of the trolley wire shall be at a 
height of 18 feet (5.5m.) above the top of rail under conditions of 
maximum sag, unless local conditions prevent. On trackage opera- 
ting electric and steam road equipment and at crossings over steam 
roads, it is recommended that the trolley wire shall be not less 
than 21 feet (6.4m.) above the top of rail, under conditions of max- 
imum sag. 


RAILWAY MOTORS 


RATING 


Nominal Rating: The nominal rating of a railway motor 
shall be the mechanical output at the car or locomotive axle, measured 
in kilowatts, which causes a rise of temperature above the surrounding 
air, by thermometer, not exceeding 90 °C. at the commutator, 
and 75 °C. at any other normally accessible part after one hour’s 
continuous run at its rated voltage (and frequency in the case of an 
alternating-current motor) on a stand with the motor covers ar- 
ranged to secure maximum ventilation without external blower. 
The rise in temperature as measured by resistance, shall not exceed 
100 °C.* 


The statement of the nominal rating shali also include the corres- 
ponding voltage and armature speed. 


Continuous Rating: The continuous ratings of a railway 
motor shall be the inputs in amperes at which it may be operated 
continuously at 4, } and full voltage respectively, without ex- 
ceeding the specified temperature rises (see §805), when operated on 
stand (ем with motor covers and cooling system, if any, arranged asin 
service. Inasmuchasthe same motor may be operated under different 
conditions as regards ventilation, it will be necessary in each case to 


* This definition differs from that in the 1911 edition of the Rules, principally by 
the substitution of a kilowatt rating for the horse-power rating and the omission of a 
reference to a room temperature of 25 °C. The horse-power rating of a railway 
motor may, for practical purposes, be taken as H of the kilowatt rating. On account 
of the hitherto prevailing practise of expressing mechanical output in horse-power, 
it is recommended that, for the present, the capacity be expressed both in kilowatts 
and in horse-power, & double rating, namely, 


kw.—————————approx. equiv. h.p. 


In order to lay stress upon the preferred future basis, it is desirable that on rating 
plates, the rating in kilowatts shall be shown in larger and more prominent characters 
than the capacity in horse power. 
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define the system of ventilation which is used. In case motors are 
cooled by external blowers, the flow of air on which the rating is 
based shall be given. 


808 Maximum Input. The subject of momentary loads for railway 
motors is under investigation. 


TEMPERATURE LIMITATIONS 
804 The allowable temperature іп any part of a motor in service will be 
governed by the kind of material with which that part is insulated. 
In view of space limitations, and the cost of carrying dead weight 
on cars, it 15 considered good practice to operate railway motors 
for short periods at higher temperatures than would be advisable 
in stationary motors. The following temperatures are permissible: 


TABLE XV 
Operating Temperatures of Railway Motors 


| Maximum Observable 


Class Temperature of windings 
when in continuous service. 
of | 
Material - 
| Ву Ву 
Зее $376 ' Thermometer | Resistance 
to 279. See $345 


— 


A 85 110 
B | 100 130 


For infrequent occasions, due to extreme ambient temperatures, 
it is permissible to operate at 15° higher temperature. 


805 With а view to not exceeding the above temperature limitatici s, 


the continuous ratings shall be based upon the temperature rises 
tabulated below: 


TABLE XVI 
Stand-Test Temperature Rises of Railway Motors* 


Temperature Rises 
of windings 


Crass Аы шалы сз E E, 
of 
Materia! By By 
Thermo- Resis- 
See Š376 meter tance 


to 879 See $348 


A 65 85 


“Тһе temperature rise in service may be very diffe:ent from that on stand test. 
See 91104 for relation between stand test and service temperatures, as affected Ly 
ventilation 
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818 


Field-Control Motors. The nominal and continuous ratings of field - 
control motors shall relate to their performance with the operating 
field which gives the maximum motor rating. Each section of the 
field windings shall be adequate to perform the service required of it, 
without exceeding the specified temperature rises. 


CHARACTERISTIC CURVES 


The Characteristic Curves of railway motors shall be plotted with 
the current as abscissas and the tractive effort, speed and efficiency 
as ordinates. In the case of a-c. motors, the power factor shall 
also be plotted as ordinates. 


` 


Characteristic curves of direct-current motors shall be based 
upon full voltage, which shall be taken as 600 volts, ora multiple 
thereof. 


In the case of field-control motors, characteristic curves shall be 
given for all operating field connections. 


EFFICIENCY AND LOSSES 


The efficiency of railway motors shall be deduced from a 
determination of the losses enumerated in §816 to 820. (See also 
§ 1100 and 1101.) 


The copper loss shall be determined from resistance measurements 
corrected to 75° C. 


The no-load core loss, brush friction, armature-bearing friction 
and windage shall be determined as a total under the following 
conditions: 

In making the test, the motof shall be run without gears. 
The kind of brushes and the brush pressure shall be the 
same as in commercial service. With the field separately ex- 
cited, such a voltage shall be applied to the armature terminals as 
will give the same speed for any given field current as is obtained 
with that field current when operating at normal voltage under load. 
The sum of the losses above-mentioned, is equal to the product of 
the counter-clectromotive force and the armature current. 


The core loss in d-c. motors shall be separated from the friction 
and windage losses above described by measuring the power required 
to drive the motor at any given speed without gears, by running it 
as a series motor on low voltage and deducting this loss from the 
sum of the no-load losses at corresponding speed. (See $1101 for 
alternative method). 

The friction and windage losses under load shall be assumed to 
be the same as without load, at the same speed. 


The core loss under load shall be assumed as follows: 
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TABLE XVII 
Core Loss in d.c. Railway Motors at Various Loads. 

Per cent of Input Loss as Per cent of 
at Nominal Rating No-load Core Loss 

200 165 

150 145 

100 130] 

75 125 

50 123 

25 and under 122 


Note:—With motors designed for field control the core losses shall be assumed as the 
game for both full and permanent field. It shall be the mean between the no-load losses 
at full and permanent field, increased by the percentages given in the above Table. 


819 Тһе brush-contact resistance loss to be used in determining the 
efficiency, may be obtained by assuming that the sum of the drops at 
the contact surfaces of the positive and negative brushes is three 
volts. 


820 The lossesin gearing and axle bearings for single-reduction single- 
geared motors, varies with type, mechanical finish, age and lubrication 
The following values, based on accumulated tests, shall be used 
in the comparison of single-reduction single-geared motors. 


TABLE XVIII 
Losses in Axle Bearings and Single-Reduction Gearing of Railway Motors. 


Per Cent of input Losses as 

at Nominal Rating Per Cent of Input 
200 3.5 
150 3.0 
125 2.4 
100 2.5 
75 2.5 

ЖЕ 60 2.7 

50 3.2 
40 4.4 
30 6.7 
25 8.5 | 


NoTE:—Further investigation may indicate the desirability of giving separate values 
of the losses for full and tapped fields, or low- and high-speed motors. 


ELECTRIC LOCOMOTIVES 


830 Rating. Locomotives shall be rated in terms of the weight on 

- drivers, nominal one-hour tractive effort, continuous tractive effort 
and corresponding speeds. 

831 Weight on Drivers. The weight on drivers, expressed in pounds, 


shall be the sum of the weights carried by the drivers and of the 
drivers themselves. 
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832 Nominal Tractive Effort: The nominal tractive effort, expressed in 
pounds, shall be that exerted at the rims of the drivers, when the 
motors are operating at their nominal (one-hour) rating. 

833 Continuous Tractive Effort. Thecontinuous tractive effort, ex- 
pressed in pounds, shall be that exerted at the rims of the drivers 
when the motors are operating at their full-voltage continuous rat- 
ing, as indicated in $802. 

In the case of locomotives operating on intermittent service, the 
continuous tractive effort may be given for $ or $ voltage, but in 
such cases the voltage shall be clearly specified. 

834 Speed: The rated speed, expressed in miles per hour, shall be 
that at which the continuous tractive effort is exerted. 

See also Appendix II on Additional Standards for Railway Motors. 
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ILLUMINATION AND PHOTOMETRY 


The following Sections, 850 to 895, are the rules of the Nomen- 
clature and Standards Committee of the Illuminating Engineering 
Society. They are here included by permission. 


Luminous flux is radiant power evaluated according to its capac- 
ity to produce the sensation of light. 


The stimulus coefficient K < for radiation of a particular wave- 
length, is the ratio of the luminous flux to the radiant power pro- 
ducing it. 

The mean value of the stimulus coefficient, Кж, over any range 
of wave-lengths, or for the whole visible spectrum of any source, 
is the ratio of the total luminous flux (in lumens) to the total radiant 
power (in ergs per second, but more commonly in watts). 


The luminous intensity of a point source of light is the solid 
angular density of the luminous flux emitted by the source in the 
direction considered; or it is the flux per unit solid angle from that 
source, 

Defining equation: | 

Let J be the intensity, F the flux and w the solid angle. 


dF 
Then I = — 
4% 
or, if the intensity is uniform, 
F 
I = —, 
а) 


Illumination, оп a surface, is the luminous flux-density over that 
surface, or the flux per unit of intercepting area. 

Defining equation: 

Let E be the illumination and S the area of the intercepting surface. 


dF 
Then Ë o 
45 
or, when uniform, 
"E d 
== 


Candle, the unit of luminous intensity maintained by the Na- 
tional Laboratories of France, Great Britain, and the United States.! 


Candle-power, luminous intensity expressed in candles 


1 This unit, which is used also by many other countries, is frequently referred to as 


the international candle. 
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857 Lumen, the unit of luminous flux, equal to the flux emitted in а 
unit solid angle (steradian) by a point source of one candle-power.? 


858 Lux, a unit of illumination equal to one lumen per square meter. 
The C. G. S. unit of illumination is one lumen per square centimeter. 
For this unit Blondel has proposed the name “ Phot." One milli- 
lumen per square centimeter (milliphot) is a practical derivative of 
the C. G. S. system. One foot-candle is one lumen per square foot 
and is equal to 1.0764 milliphots. 

859 Exposure, the product of an illumination by the time. Blondel 
has proposed the name '' phot-second '' for the unit of exposure in 
the C. G. S. system. 

860 Specific luminous radiation, the luminous flux-density emitted 
by a surface, or the flux emitted per unit of emissive area. It is 
expressed in lumens per square centimeter. 

Defining equation: 
Let E' be the specific luminous radiation. 
Then, for surfaces obeving Lambert's cosine law of emission. 


E' = T bo. 

861 Brightness, b, of an element of a luminous surface from a given 
position, may be expressed in terms of the luminous intensitv per 
unit area of the surface projected on a plane perpendicular to the line 
of sight, and including only a surface of dimensions negligibly small 
in comparison with the distance to the observer. It is measured in 
candles per square centimeter of the projected area. 

Defining equation: 
Let б be the angle between the normal to the surface and the line 
of sight. 


dI 


b = ——— 
Then dS cosh 


862 Normal brightness, bo, of an element of a surface (sometimes 
called specific luminous intensity) is the brightness taken in a direc- 
tion normal to the surface.’ 

Defining equation: 


dI 
bee з, 
ds 
I 
or, when uniform, bo = = 


Brightness may also be expressed in terms of the specific luminous 
radiation of an ideal surface of perfect diffusing qualities, zt. e., one 
obeying Lambert's cosine law. 


2 A uniform source of one candle emits 4х lumens. 

3 In practice, the brightness 6 of a luminous surface or element thereof is observed, 
and not the normal brightness 60. For surfaces for which the cosine law of emission 
holds. the quantities b and bo are equal. 
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The Lambert, the C. G. S. Unit of brightness, the brightness of a 
perfectly diffusing surface radiating or reflecting one lumen per square 
centimeter. This is equivalent to the brightness of a perfectly dif- 
fusing surface having a coefficient of reflection equal to unity and 
illuminated by one phot. 


For most purposes, the millilambert (0.001 lambert) is the preferable 
practical unit. А perfectly diffusing surface emitting one lumen 
per square foot will have a brightness of 1.076 millilamberts. 


Brightness expressed in candles per square centimeter may be 
reduced to Lamberts by multiplying by Т. 

Brightness expressed in candles per square inch may be reduced 
to foot-candle brightness, by multiplving by the factor 144 7 = 452. 

Brightness expressed in candles per square inch may be reduced 
to lamberts by multiplying by 7/6.45 = 0.4868. 

In practice, no surface obevs exactly Lambert’s cosine law of 
emission: hence the brightness of a surface in lamberts is, in general 
not numerically equal to its specific luminous radiation in lumens 
per square centimeter. 

Defining equations: 


Ee dF 
dS 
Or when uniform 
F 
L = — 
S 


Coefficient of reflection, the ratio of the total luminous flux reflected 
by a surface to the total luminous flux incident upon it. It is а 
simple numeric. The reflection from a surface may be regular, 
diffuse or mixed. In perfect regular reflection, all of the flux is 
reflected from the surface at an angle of reflection equal to the angle 
of incidence. In perfect diffuse reflection, the flux 1s reflected from 
the surface in all directions, in accordance with Lambert's cosine law. 
In most practical cases, there is a superposition of regular and diffuse 
reflection. 


Coefficient of regular reflection is the ratio of the luminous flux 
reflected regularly to the total incident flux. 

Coefficient of diffuse reflection is the ratio of the luminous flux 
reflected diffusely to the total incident flux. 

Defining equation: 

Let m be the coefficient of reflection (regular or diffuse). 

Then, for any given portion of the surface, 


` 


E’ 
m == — 
Е 


Lamp, а generic term for an artificial source of light. 
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870 Primary luminous standard, a recognized standard luminous 
source reproducible from specifications. 


871 Representative luminous standard, a standard of luminous in- 
tensity adopted as the authoritative custodian of the accepted value 
of the unit. 


872 Reference standard, a standard calibrated in terms of the unit from 
either a primary or representative standard and used for the cali- 
bration of working standards. 


878 Working standard, any standardized luminous source for daily 
use in photometry. 


874 Comparison lamp, a lamp of constant but not necessarily known 
candle-power, against which a working standard and test lamps are 
successively compared in a photometer. 


875 Test lamp, in a photometer,—a lamp to be tested. 


876 Performance curve, a curve representing the behavior of a lamp 
in any particular (candle-power, consumption, etc.) at different 
periods during its life. 


877 Characteristic curve, a curve expressing a relation between two 
variable properties of a luminous source, as candle-power and volts, 
candle-power and rate of fuel consumption, etc. 


878 Horizontal Distribution Curve. A polar curve representing the 
luminous intensity of a lamp, or lighting unit, in a plane perpendi- 
cular to the axis of the unit, and with the unit at the origin. 

879 Vertical Distribution Curve. А polar curve representing the 
luminous intensity of a lamp, or lighting unit, in a plane passing 
through the axis of the unit, and with the unit at the origin. Unless 
otherwise specified, a vertical distribution curve is assumed to be 
an average vertical distribution curve, such as may in many cases be 
obtained by rotating the unit about its axis and measuring the aver- 
age intensities at the different elevations. It is recommended that 
in vertical distribution curves, angles of elevation shall be counted 
positively from the nadir as zero, to the zenith as 180 degrees. In 
the case of incandescent lamps, it is assumed that the vertical dis- 
tribution curve is taken with the tip downward. 


880 Mean horizontal candle-power of a lamp,—the average candle- 
power in the horizontal plane passing through the luminous center of 
the lamp. 

It is here assumed that the lamp (or other light source) is mounted 
in the usual manner, or, as in the case of an incandescent lamp, with 
its axis of symmetry vertical. 


881 Mean spherical candle-power of a lamp,—the average candle- 
power of a lamp in all directions in space. It is equal to the total 
luminous flux of the lamp, in lumens, divided by 47. 


882 Mean hemispherical candle-power of a lamp (upper or lower),— 
the average candle-power of a lamp in the hemisphere considered. 
It is equal to the total luminous flux emitted by the lamp, in that 
hemisphere, divided by 27, 
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Mean zonal candle-power of а lamp,—the average candle-power 
of a lamp over the given zone. It is equal to the total luminous 
flux emitted by the lamp in that zone, divided by the solid angle of 
the zone. 


Spherical reduction factor of a lamp,—the ratio of the mean spheri- 
cal to the mean horizontal candle-power of the lamp.‘ 


Photometric Tests in which the results are stated in candle-power 
should be made at such a distance from the source of light that the 
latter may be regarded as practically a point. Where tests are made 
in the measurement of lamps with reflectors, the results should always 
be given as “ apparent candle-power "’ at the distance employed, 
which distance should alwavs be specifically stated. 


The output of all illuminants should be expressed in lumens. 


Illuminants should be rated upon a lumen basis instead of a candle- 
power basis. i 


The specific output of electric lamps should be stated in lumens 
per watt; and the specific output of illuminants depending upon 
combustion should be stated in lumens per b.t.u. per hour. The 
use of the term “ efficiency ” in this connection should be discouraged, 

When auxiliary devices are necessarily employed in circuit with a 
lamp, the input should be taken to include both that in the lamp and 
that in the auxiliary devices. For example, the watts lost in the 
ballast resistance of an arc lamp are properly chargeable to the lamp. 


The Specific Consumption of an electric lamp is its watt consump- 
tion per lumen. “ Watts per candle '' is a term used commercially 
in connection with electric incandescent lamps, and denotes, watts 
per mean horizontal candle-power. 


Life Tests. Electric Incandescent Lamps of a given type may be 
assumed to operate under comparable conditions only when their 
lumens per watt consumed are the same. . Life-test results, іп order 
to be compared, must be either conducted under, or reduced to, 
comiparable conditions of operation. 


In Comparing Different Luminous Sources, not only should their 
candle-power be compared, but also their relative form, brightness, 
distribution of illumination and character of light. 


Lamp Accessories. A reflector is an appliance, the chief use of 
which is to redirect the luminous flux of a lamp in a desired direc- 
tion or directions. 


A Shade is an appliance, the chief use of which is to diminish or to 
interrupt the flux of a lamp in certain directions, where such flux 
is not desirable. The function of a shade is commonly combined 
with that of a reflector. 


A Globe is an enclosing appliance of clear or diffusing materials, 
the chief use of which is either to protect the lamp, or to diffuse its 
light. 


4 In case of a uniform point-source, this factor would be unity, and for a straight 


cylindrical filament obeying the cosine law it would be ж/е, 
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895 TABLE XIX. 
Photometric Units and Abbreviations. 
Abbreviat.ons, 
Photometric Name of Symbols and defining 
quantity unit equations 
1. Luminous flux Lumen Е. V 
dF ау 
2. Lumin intensity Candle = —, F ‚ ср. 
uminous y do dw’ СР 
um dF I 
3. Illumination Phot.,foot-candle, Е = — = —соѕ0. В 
| 45 у? 
ux 
4. Exposure Phot-second t E 
Apparent candles 
per sq. cm. dI 
5. Brightness b 71S cos 0 
Apparent candles 5 cos 
per sq. in. 
dF 
Lambert L = — 
dS 
; 41 
6. Normal brightness Candles per sq. cm. bo = ds 
Candles per sq. in. 5 
7. Specific luminous Lumens per sq. cm. 
radiation Lumens per sq. in. Е’ = ть,В' 
8. Cocfficient of re- Е’ 
fiection — т = — 
E 
9. Mean spherical candlepower scp 
10. Mean lower hemispherical candlepower Іср 
11. Mean upper hemispherical candlepower ucp 
12. Mean zonal candlepower zcp 
13. 1 lumen is emitted by 0.07958 spherical cp. 
14. 1 spherical candlepower emits 12.57 lumens. 
15. 1 lux = 1 lumen incident per square meter = 0,0001 phot 
= 0.1 milliphot. 
16. 1 phot = 1 lumen incident per sq. cm. = 10.000 lux = 1000 
milliphot. 
17. 1 milliphot = 0.001 phot = 0.929 foot-candle. 


18. 


19. 
20). 
21. 
22. 
23. 
24. 
25. 


1 foot-candle = 1 lumen incident per square foot = 1.076 milli- 
phot = 10.76 lux. 

l lambert = 1 lumen emitted per square centimeter.* 

1 millilambert = 0.001 lambert. 

1 lumen. emitted. per square foot* = 1.076 millilambert. 

1 millilambert = 0.929 lumen, emitted, per square foot*. 

l lambert = 0.3183 candle рег sq. ст. = 2.054 candles per sq. in. 

1 candle per sq. ст. = 3.1416 lamberts. 


1 candle per sq. in. = 0.4868 lamberts = 486.8 millilamberts. 


*Perfect diffusion assumed. 
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SYMBOLS. 


In view of the fact that the symbols heretofore proposed by 
this committee conflict in some cases with symbols adopted for elec- 
tric units by the International Electrotechnical Commission, it is 
proposed that where the possibility of any confusion exists in the 
use of electrical and photometric symbols, an alternative system 
of symbols for photometric quantities should be employed. These 
should be derived exclusively from the Greek alphabet, for instance: 


Luminous Intensity................... r 
Luminous flux.................. ex qs ME 
Illuminatiou............... bisce assu 
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STANDARDS FOR TELEPHONY AND TELEGRAPHY 


910 


911 


912 


913 


914 


After careful consideration, it does not seem that the time is 
yet ripe for a formal standardization of terms and definitions used 
in telephony and telegraphy. Many of the terms commonly 
employed are used in more than a single way, and conversely, many 
pieces of apparatus and many constants which are essentially 
identical from a physical standpoint have been and are known by 
more than one designation. 

Damping of a Circuit. The damping, at a given point, in a circuit 
from which the source of energy has been withdrawn, is the pro- 
gressive diminution in the effective value of electromotive force 
and current at that point resulting from the withdrawal of elec- 
trical energy. 


Damping Constant. The damping constant of a circuit depends 
upon the ratio of the dissipative to the reactive component of its 
impedance or admittance. 

Applied to the admittance of a condenser or other simple circuit 
having capacity reactance, the damping constant for a harmonic 
electromotive force of given frequency is the ratio of the conduce 
tance of the condenser or simple circuit at that frequency, to twice 
the capacity of the condenser at the same frequency. 

Applied to the reactance of a coil or other simple circuit having 
inductive reactance, the damping constant for a harmonic current 
of given frequency is the ratio of the resistance of the coil or cir- 
cuit at that frequency, to twice the inductance at the same frequency. 


Equivalent Circuit. An equivalent circuit is a simple network 
of series and shunt impedances, which, at a given frequency, is 
the approximate electrical equivalent of a complex network at the 
same frequency and under steady-state conditions. 

Note: As ordinarily considered, the simple networks as defined, 
are the electrical equivalents of complex networks only with respect 
to definite pairs of terminals, and only as to sending-end impedances, 
and total attenuation. A further requirement is that the only con- 
nections between the pairs of terminals are those through the net- 
work itsclf. 

“Т” Equivalent Circuit. A “Т” equivalent circuit is а triple- 
star or “ Y " connection of three impedances externally equivalent 
to a complex network. 


Symbol: 
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“U” Equivalent Circuit. A “ U " equivalent circuit is a delta 
connection. of three impedances externally equivalent to a com- 
plex network. It is also called a “ [l ” equivalent circuit. 


Symbol: 
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IMPEDANCE 


Mutual Impedance. The mutual impedance, for alternating cur- 
rents, between a pair of terminals and a second pair of terminals 
of a network, under any given condition, is the negative vector 
ratio of the clectromotive force produced between either pair of 
terminals on open circuit, to the current flowing between the other 
pair of terminals. 

Self Impedance. The self impedance between a pair of terminals 
of a network, under any given condition, is the vector ratio of the 
electromotive force applied across the terminals to the current 
produced between them. 


LINE CHARACTERISTICS 


Characteristic Impedance. The characteristic impedance of a line is 
the ratio of the applied electromotive force to the resulting 
steady-state current upon a line of infinite length and uniform 
structure, or of periodic recurrent structure. 

NOTE: In telephone practice, the terms (1) line impedance, 
(2) surge impedance, (3) iterative impedance, (4) sending-end 
impedance, (5) initial sending-end impedance, (6) final sending-end 
impedance, (7) natural impedance and (8) free impedance, have 
apparently been more or less indefinitely and indiscriminately used 
as synonyms with what is here defined as “ characteristic impedance.” 


Sending-End Impedance. The sending-end impedance of a line is 
the vector ratio of the applied electromotive force to the re- 
sulting steady-state current at the point where the electromotive 
force is applied. 

NOTE: See note under ‘Characteristic Impedance. In case 
the line is of infinite length of uniform structure or of periodic re- 
current structure, the sending-end ппревалве and the character- 
istic impedance are the same. 


Propagation Constant. The propagation constant per unit length 
of a uniform line, or per section of a line of periodic recurrent 
structure, is the natural logarithm of the vector ratio of the 
steady-state currents at various points separated by unit length in 
a uniform line of infinite length, or at successive corresponding 
points in a line of recurrent structure of infinite length. The ratio 
is determined. by dividing the value of the current at the point 
nearer the transmitting end by the value of the current at the point 
more remote. 
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Attenuation Constant. The attenuation constant is the real part 
of the propagation constant. 


Wave-Length Constant. The wave-length constant is the imaginary 
part of the propagation constant. 


LINE CIRCUITS 


Ground-Return Circuit. A ground-return circuit is a circuit con- 
sisting of one or more metallic conductors in parallel, with the 
circuit completed through the earth. 

Metallic Circuit. A metallic circuit is a circuit of which the earth 
forms no part. 


Two-Wire Circuit. A two-wire circuit is a metallic circuit formed 
by two paralleling conductors insulated from each other. 


Superposed Circuit. A superposed circuit is an additional circuit 
obtained from a circuit normally required for another service, and 
in such a manner that the two services can be given simultaneously 
without mutual interference. 

Phantom Circuit. A phantom circuit is a superposed circuit, 
each side of which consists of the two conductors of a two-wire 
circuit in parallel. 

Side Circuit. A side circuit is a two-wire circuit forming one side 
of a phantom circuit. 

Non-Phantomed Circuit. A non-phantomed circuit is a two-wire 
circuit, which 1s not arranged for use as the side of a phantom circuit. 

Simplexed Circuit. A simplexed circuit is a two-wire telephone 
circuit, arranged for the super-position of a single ground-return sig 
nalling circuit-operating over the wires in parallel. 

Note: In view of the use of the term '' Simplex Operation '' 
in telegraph practice, it is felt that the designation '' Simplexed 
Circuit " as applied to the arrangement described is not a happy one. 

Composited Circuit. A composited circuit is a two-wire telephone 
circuit, arranged for the superposition on each of its component 
metallic conductors, of a single independent ground-return signalling 
circuit. 

Quadded or Phantomed Cable. A quadded or phantomed cable 
is a cable adapted for the use of phantom circuits. 


NOTE: The type of cable here defined has frequently been 
designated as “ Duplex Cable ’’—a term which is objectionable 
both on account of its lack of description and its widely different 
use in telegraph practice. 


LOADING 


Loaded Line. A loaded line is one in which the normal induc 
tance of the circuit has been altered for the purpose of increasing 
its transmission efficiency for one or more frequencies. 


Series Loaded Line. A series loaded line is one in which the 
normal inductance has been altered by inductance serially applied. 
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Shunt Loaded Line. A shunt loaded line is one in which the nor- 
mal inductance of the circuit has been altered by inductance applied 
in shunt across the circuit. 


Continuous Loading. A continuous loading is a series loading in 
which the added inductance is uniformly distributed along the 
conductors. 


Coil Loading. A coil loading is one in which the normal induc- 
tance is altered by the insertion of lumped inductance in the 
circuit at intervals. This lumped inductance may be applied 
either in series or in shunt. 

Note: As commonly understood, coil loading is a series load- 
ing, in which the lumped inductance is applied at uniformly spaced 
recurring intervals 


Microphone. A contact device designed to have its electrical re- 
sistance directly and materially altered by slight differences in 
mechanical pressure. 


Relay. À relay is a device by means of which contacts in one 
circuit are operated under the control of electrical energy in the 
same or other circuits. 


Resonance. Resonance of a harmonic alternating current of given 
frequency, in a simple series circuit, containing resistance, induc- 
tance and capacity, is the condition in which the positive re- 
actance of the inductance is numerically equal to the negative 
reactance of the capacity. Under these conditions, the current 
flow in the circuit with a given electromotive force is a maximum. 

Retardation Coil. A retardation coil is a reactor (reactance coil) 
used in a circuit for the purpose of selectively reacting on cur- 
rents which vary at different rates. 

NOTE: In telephone and telegraph usage, the terms ‘impedance 
coil, " ‘inductance сой," choke coil” and ''reactance coil” are 
sometimes used in place of the term '' retardation coil. " 

Skin Effect. Skin effect is the phenomenon of the non-uniform 
distribution of current throughout the cross-section of a linear 
conductor, occasioned bv variations in the intensity of the mag- 
netic field due to the current in the conductor. 

Telephone Receiver. À tclephone receiver is an electrically opera- 
ted device, designed to produce sound waves or vibrations which 
correspond in form to the electromagnetic waves or vibrations 
actuating it. 

Telephone Transmitter. A telephone transmitter is a sound-wave 
or vibration-operated device designed to produce electromagnetic 
waves or vibrations which correspond in form to the sound waves 
or vibrations actuating it. 

The Coefficient of Coupling of a Transformer. The coefficient 
of coupling of a transformer at a given frequency, is the vector 
ratio of the mutual impedance between the primary and second- 
ary of the transformer, to the square root of the product of the 
self-impedances of the primary and of the secondary. 

Repeating Coil. À term used in telephone practice meaning the 
same as transformer, and ordinarily a transformer of unity ratio. 
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APPENDIX I. 


STANDARDS FOR RADIO COMMUNICATION 


The following Sections 1000 to 1033 have been prepared by the 
Standardization Committee of the Institute of Radio Engineers, 
and are here included by permission as an Appendix, until further 
revised. 

1000 Acoustic Resonance Device. One which utilizes, in its operation, 
resonance to the audio frequency of the received impulses. 

1001 Antenna. A system of conductors designed for radiating or 
absorbing the energy of electromagnetic waves. 


1002 Atmospheric Absorption. That portion of the total loss of radi- 
ated energy due to atmospheric conductivity. 


1003 Audio Frequencies. The normally audible frequencies lying 
below 20,000 cycles per second (see also radio frequencies). 


1004 Capacitive Coupler. An apparatus which, by electric fields, joins 
portions of two radio frequency circuits and is used to transfer elec- 
trical energy between these circuits through the action of electric 
forces. 

1006 Coefficient of Coupling (Inductive). The ratio of the effective 
mutual inductance of two circuits to the square root of the product 
of the effective self-inductances of each of these circuits. 

1006 Direct Coupler. An apparatus which magnetically joins two cir- 
cuits having a common conductive portion and which is used to 
transfer electrical energy between these circuits. 

1007 Counterpoise. А system of electrical conductors insulated from 
ground forming one plate of a condenser, the other plate of which 
is the antenna. In land stations a counterpoise forms a capacitive 
connection to ground. 

1008 A Damped Alternating Current is a current which alternates 
regularly in direction and whose amplitude progressively diminishes. 

1009 The Damping Factor of an exponentially damped alternating cur- 
rent is the product of the logarithmic decrement and the frequency. 

Let І = initial amplitude 


I, = amplitude at the time t 
€ = base of Napierian logarithms 
a = damping factor 


Then: L, = Ip €^?! 

1010 Detector. That portion of the receiving apparatus which, con- 
nected to a circuit carrving currents of radio frequency, and in 
conjunction with a self-contained or separate indicator, translates 
the radio frequency energy into a form suitable for operation of 
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the indicator. This translation may be effected either bv the con- 
version of the radio frequency energy, or by means of the control 
of local energy by the energy received. 


1011 Electromagnetic Wave. A progressive disturbance characterized 
by the existence on the wave front of electric and magnetic forces 
acting in directions which are perpendicular to each other and to 
the direction of propagation of the wave. 


1012 Forced Alternating Current. А current produced іп any circuit 
by the application of an alternating electromotive force. 


1018 Free Alternating Current. A current produced by means of an 
electromagnetic disturbance in a circuit, having capacity, induct- 
ance, and less than the critical resistance. 


1014 Critical Resistance of a Circuit determines the limit between the 
oscillatory and aperiodic discharge of that circuit. (The discharge 
is aperiodic if the circuit resistance is greater than the critical value 
and is alternating when the resistance is less than the critica) value). 
In a circuit without dielectric or magnetic hysteresis, the critical 


L 
resistance equals 2 v. where L and C are the effective in- 


ductance and capacity of the circuit. 


1015 Group Frequency. The number per second of periodic changes 
in amplitude or frequency of an alternating current. 

NOTE 1. Where there is more than опе periodic recurrent 
change of amplitude or frequency, there is more than one group 
frequency present. 

NOTE 2. The term “ groups:equency"' replaces the term “ spark 
frequency.” 

1016 Inductive Coupler. An apparatus which, by magnetic forces, 
joins portions of two radio frequency circuits and is used to transfer 
electrical energy between these circuits. through the action of mag- 
netic forces. 


1017 Linear Decrement of a Linearly Damped Alternating Current is 
the difference of successive current amplitudes in the same direction, 
divided by the larger of these amplitudes. 

Let: Is and 1,,1 be successive current amplitudes іп the same 
direction, of a linearly-damped alternating current. 
Then: The linear decrement, b = — 
n 
Also: L = Ig (1 —bft) 
‚ Where: 10 = initial current amplitude 
L, = current amplitude at time t 
f = frequency of alternating current 


1018 Logarithmic Decrement of an exponentially damped alternating 
current is the logarithm of the ratio of successive current ampli- ` 
tudes in the same direction. 

Note: Logarithmic decrements are standard for a complete 
period or cycle. 
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Let: J, апа 1.41 be successive current amplitudes in the 
same direction. | 
4 = logarithmic decrement 
Тв 
Ini 
1019 Radio Frequencies. Those above 20,000 cycles per second (see 
also Audio Frequencies). 
Note: It is not implied that radiation cannot be secured at 
lower frequencies and the distinction from audio frequencies is 
merely one of definition based on convenience. 


1020 Resonance to an Exciting Alternating Current of a given fre- 
quency in an oscillating circuit is that condition in which the re- 
sulting effective current (or voltage) in that circuit is a maximum. 

If neither the free nor the forced alternating currents of the 
driven circuit are highly damped, then resonance is obtained when 
the frequency of the free alternating current is approximately equal 
to the frequency of the forced alternating current. 


Then: а =log, 


1 
That is, 4u) = —— = W] 
VLC 
Where: w = 27 X the frequency of the free alternating current 
in the circuit. 
L = the effective inductance of the circuit. 
C = the effective capacity of the circuit. 
@)ı = angular velocity of the forced alternating current. 
This is equivalent to the condition wL= —— t.e., the inductive 


С 
reactance at that frequency is numerically equal to the capacitive 


1 
reactance, or that the total reactance ( wL- Z) is equal to 0. 


1021 A Resonance Curve gives the power, current, or voltage at 
various frequencies of excitation, as a function of those frequencies. 
or of the corresponding wave lengths. 


1022 A Wave-Length Resonance Curve is one wherein the abscissas are 
ratios of specified wave lengths to the resonant wave length, and the 
ordinates are ratios of the encrgy (or square of the current) at cor- 
responding specified wave lengths to the energy (or square of the 
current) at the resonant wave length. It is advantageous to have 
the scales of ordinatcs and abscissas equal. 


1023 А Frequency Resonance Curve. One wherein the abscissas are 
ratios of specitied frequencies to the resonant frequency, and the 
ordinates are ratios of the energy (or square of the current) at corres- 
ponding specified frequencies to the energy (or square of the current) 
at the resonant frequency. The scales of ordinates and abscissas 
are equal. 


1024 А Standard Resonance Curve, unless otherwise specified, is assumed 
to be a wave-length resonance curve. 
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1025 Selecting. The process of adjusting an element driven by a 
plurality of simultaneous impulses, until the ratio of desired response 
to undesired response is a maximum. 


1026 Sustained Radiation consists of electromagnetic waves of constant 
amplitude (such as are emitted from an antenna in which a forced 
alternating current flows.) 


1027 Tuning. The process of securing the maximum indications by 
adjusting the time period of a driven element. (In transmitter or 
receiver.) 

1028 А Wave-Length Meter commonly called а Wave-Meter, is а radio 
frequency measuring instrument, calibrated to read wave lengths. 


1029 Rating. 1. All radio transmitting sets shall be rated in actual 
power output measured in the antenna. 

NOTE: The group or audio frequency of the note of the station 
should be stated as well, (except for sustained wave sets, where that 
characteristic should be mentioned). 

2. The over-all efficiency of a radio transmitting station shall be 
the ratio of the actual power output as measured in the antenna to the 
power input supplied to the first piece of electrical machinery which is 
definitely a part of the radio equipment. 


1030 Decremeter. An instrument for measuring the logarithmic de- 
crement of a circuit or of a train of electromagnetic waves. 


1031 Attenuation, Radio. The decrease with distance frbm the radi- 
ating source, of the amplitude of the electric and magnetic forces 
accompanying (and constituting) an electromagnetic wave. 


1032 Attenuation Coefficient (Radio). The coefficient, which, when 
multiplied by the distance of transmission through a uniform medium, 
gives the natural logarithm of the ratio of the amplitude of the 
electric or magnetic forces at that distance, to the initial value of 
the corresponding quantities. 

1033 Coupler. An apparatus which is used to transfer radio-frequency 


energy from one circuit to another by associating portions of these 
circuits. 
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APPENDIX II. 
ADDITIONAL STANDARDS FOR RAILWAY MOTORS ` 


1100 In comparing projected motors, and in case it is not possible or 
desirable to make tests to determine mechanical losses, the follow- 
ing valucs of these losses, determined from the averages of many 
tests over a wide range of sizes of single-reduction single-geared 
motors, will be found useful, as approximations. They include 
axle-bearing, gear, armature-bearing, brush-friction, windage, and 
stray-load losses. 


TABLE XX : 
Approximate Losses in D.C. Railway Motors. 


Input in per cent of that at nominal 


rating Losses as per cent of input 

100 or over 5.0 

i 75 5.0 
60 5.3 

50 6.5 

40 8.8 

30 13.3 

25 17.0 


1101 The core loss of railway motors is sometimes determined 
by separately exciting the field, and driving the armature 
of the motor to be tested, by a separate motor having known losses 
and noting the differences in losses between driving the motor light 
at various speeds and driving it with various field excitations. 

1102 Selection of Motor For Specified Service 

The following information relative to the service to be performed, 
is required, in order that an appropriate motor may be selected. 
(a) Weight of total number of cars in train (in tons of 2000 Ib.) 
exclusive of electrical equipment and load. 
(b) Average weight of load and durations of same, and maximum 
weight of load and durations of same. 
(c) Number of motor cars or locomotives in train, and number 
of trailer cars in train. 
(d) Diameter of driving wheels. 
(e) Weight on driving wheels, exclusive of electrical equipment. 
(f) Number of motors per motor car. | 
(g) Voltage at train with power on the motors—average, maxi- 
mum and minimum. 
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(h) Rate of acceleration in mi. per. hr. per second. 
(1) Rate of braking (retardation in m. per hr. per second). 
()) Speed limitations, if any (including slowdowns). 
(k) Distances between stations. 
(1) Duration of station stops. 
(m) Schedule speed including station stops in m.p.h. 
(n) Train resistance in pounds per ton of 2000 pounds at stated 
speeds. 
(o) Moment of inertia of revolving parts, exclusive of electrical 
equipment. 
(p) Profile and alignment of track. 
(q) Distance coasted as a per cent of the distance between station 
stops. 
(r) Time of layover at end of run, if any. 


1103 


Stand-Test Method of Comparing Motor Capacity with Service 


Requirements: When it is not convenient to test motors under actual ` 
specific service conditions, recourse may be had to the following 
method of determining temperature rise. 


1104 The essential motor losses affecting temperatures in service are 
those in the motor windings, core and commutator. The mean ser- 
vice conditions may be expressed, as a close approximation, in terms 
of that continuous current and core loss which will produce the same 
losses and distribution of losses as the average in service. 

A stand test with the current and voltage which will give 
losses equal to those in service. will determine whether the motor has 
sufficient capacity to meet the service requirements. In service, the 
temperature rise of an enclosed motor (§164), well exposed to the 
draught of air incident to a moving car or locomotive, will be from 75 
to 90percent (depending upon the character of the service) of the tem- 
perature rise obtained on a stand test with the motor completely 
enclosed and with the same losses. Witha ventilated motor (§165 
and §167), the temperature rise in service will be 90 to 100 per cent of 
the temperature rise obtained on a stand test with the same losses. 


1105 In making a stand test to determine the temperature rise іл a 
specific service, it is essential in the case of a self-ventilated motor 
(§ 167), to run the armature at a speed which corresponds to the 
schedule speed in service. In order to obtain this speed it may be 
necessary, while maintaining the same total armature losses, to change 
somewhat the ratio between the I?R and core-loss components. 


1106 Calculation for Comparing Motor Capacity with Service Require- 
ments. The heating of a motor should be determined, wherever 
possible, by testing it in service, or with an equivalent duty cycle. 
When the service or equivalent duty-cycle tests are not practicable, 
the ratings of the motor may be utilized as follows to determine its 
temperature rise. 


1107 The motor losses which affect the heating of the windings are as 
stated above, those in the windings and in the core. The former 
are proportional to the square of the current. The latter vary with 
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the voltage and current, according to curves which can be supplied 
by the manufacturers. The procedure is therefore as follows: 


1108 (а) Plot a time-current curve, a time-voltage curve, and a time-core 
loss curve for the duty cycle which the motor is to perform, and calcu- 
late from these the root-mean-square current and the equivalent 
voltage which, with this 'r.m.s. current, will produce the average 
core loss. 


1109 (b) If the calculated r.m.s. service current exceeds the continuous 
rating, when run with average service core loss and speed, the motor 
is not sufficiently powerful for the duty cycle contemplated. 


1110 (c) If the calculated r.m.s. service current does not exceed 
the continuous rating, when run with average service core loss 
and speed, the motor is ordinarily suitable for the service. In some 
cases, however, it may not have sufficient thermal capacity to avoid 
excessive temperature rises during the periods of heavy load. 
In such cases a further calculation is required, the first step of which 
is to calculate the temperature rise due to the r.m.s. service cur- 
rent, and equivalent voltage. 


Let ¢ = temperature rise 
фо= PR loss, kw. 
fx = core loss, kw. 


with r.m.s. service current, and equiva- 
lent service voltage. 


T = temperature rise Р | 
Po = IPR loss, kw with continuous load current correspond- 


P. = core loss. kw - | ing to the equivalent service voltage. 
е“ , А 


Then 


t= T 2. ; approximately. 
1111 (d) The thermal capacity of a motor is approximately measured 
by the ratio of the electrical loss in kw. at its nominal (one-hour) 
capacity, to the corresponding maximum observable temperature 


rise during a one hour test starting at ambient temperature. 


1112 (e) Consider any period of peak load and determine the electrical 
losses in kilowatt-hours during that period from the electrical effi- 
ciency curve. Find the excess of the above losses over the 
losses with r.m.s. service current and equivalent voltage. The 
excess loss, divided by the co-efficient of thermal capacity, will equal 
the extra temperature rise due to the peak load. This temperature 
rise added to that due to the r.m.s. service current, and equiv- 
alent voltage, gives the total temperature rise. If the total 
temperature rise in any such period exceeds the safe limit, the 
motor is not sufficiently powerful for the service. 


1113 (f) If the temperature reached, due to the peak loads, does nct 
exceed the safe limit, the motor may yet be unsuitable for the service, 
as the peak loads may cause excessive sparking and dangerous me- 
chanical stresses. It is, therefore, necessary to compare the peak 
loads with the short-period overload capacity. If the peaks are also 
within the capacity of the motor, it may be considered suitable for the 
given duty cycle. 
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